PHOTOGRAPH  THIS  SHEET 


LEVEL 


INVENTORY 


DOCUMENT  IDENTIFICATION 


.  ....  J..  tidi  b*M 

.  »  ••!*o**  aad  m 


•  la  ■ntlmHrfi  ,  j 


DISTRIBUTION  STATEMENT 


ACCFSSION  FOR 
NTIS  C.RA4I 

DT1C  TAB 

UNANNOUNCED 
JUSTIFICATION 


DISTRIBUTION  / 

AVAILABILITY  CODES 

DIST  I  AVAIL  AND/OR  SPECIAL 


OTIC 

^  :lecte 

SEP  2  1  1988 

r ") 

E 


DATE  ACCESSIONED 


DISTRIBUTION  STAMP 


DATEREi  IRNED 


88  9  0-T& 


DATE  RECEIVED  IN  DTIC 


REGISTERED  OR  CERTIFIED  NO. 


PHOTOGRAPH  THIS  SHEET  AND  RETURN  TO  DTIC-DDAC 


DT'C  0f°cR8M3  70A 


DOCUMENT  PROCESSING  SHEET 


PREVIOUS  EDITION  MAY  BE  USED  UNTIL 
STOCK  IS  EXHAUSTED. 


AD- A 198  700 


AFWAL-TR-87 -2042 
Volume  IV 


PRODUCTION  OF  JET  FUELS  FROM  COAL  DERIVED  LIQUIDS 

VOL  IV  -  GPGP  JET  FUELS  PRODUCTION  PROGRAM-FEED 
ANALYSES  COMPILATION  AND  REVIEW 


R.J.  ROSSI 

BURNS  AND  ROE  SERVICES  CORPORATION 

SCIENCE  APPLICATIONS  INTERNATIONAL  CORPORATION 

PITTSBURGH,  PA  15236 


JULY  1988 


INTERIM  REPORT  FOR  THE  PERIOD  2  OCTOBER  1987  -  31  JANUARY  1988 


APPROVED  FOR  PUBLIC  RELEASE;  DISTRIBUTION  IS  UNLIMITED 


AERO  PROPULSION  LABORATORY 

AIR  FORCE  WRIGHT  AERONAUTICAL  LABORATORIES 

AIR  FORCE  SYSTEMS  COMMAND 

WRIGHT-PATTERSON  AIR  FORCE  BASE,  OHIO  45433-6563 


SECURITY  CLASSIFICATION  OF  THIS  PAGE  _ 


REPORT  DOCUMENTATION  PAGE 


Form  Approved 
OMB  No  0704-0)88 


la  REPORT  SECURITY  CLASSIFICATION 

Unclassified 


2a.  SECURITY  CLASSIFICATION  AUTHORITY 

N/A  _  _ _ 


2b.  DECLASSIFICATION  /  DOWNGRADING  SCHEDULE 


4.  PERFORMING  ORGANIZATION  REPORT  NUMBER(S) 

-  N/A 


6a.  NAME  OF  PERFORMING  ORGANIZATION 

Burns  and  Roe  Services  Corp. 


6b.  OFFICE  SYMBOL 
(If  applicable) 

N/A 


6c.  ADDRESS  (City,  State,  and  ZIP  Code) 

P.0.  Box  18288 
Pittsburgh,  PA  15236 


8a.  NAME  OF  FUNDING /SPONSORING 
ORGANIZATION 


8c.  ADDRESS  (C/fy,  State,  and  ZIP  Code) 


(Include  Security  Classification)  pR0DUCTI0N  Qp  jpj  FUELS  FRQM  C0AL  DERIVED  LIQUIDS  -  VOL  IV  - 

GP6P  JET  FUELS  PRODUCTION  PROGRAM  -  FEED  ANALYSIS  COMPILATION  AND  REVIEW 


8b  OFFICE  SYMBOL 
(If  applicable) 


lb.  RESTRICTIVE  MARKINGS 


3  DISTRIBUTION  i  AVAILABILITY  OF  REPORT 

Approved  for  public  release; 
distribution  is  unlimited. 


5  MONITORING  ORGANIZATION  REPORT  NUMBER(S) 

AFWAL-TR-87-2042,  Vol  IV 


7a.  NAME  OF  MONITORING  ORGANIZATION 

Air  Force  Wright  Aeronautical  Laboratories 
Aero  Propulsion  Laboratory  (AFWAL/PQSF) _ 


7b  ADDRESS  (City,  State,  and  ZIP  Code) 

Wright-Patterson  AFB  OH 
45433-6563 


V  PROCUREMENT  INSTRUMENT  IDENTIFICATION  NUMBER 

FY1455-86-N0657 


10  SOURCE  OF  FUNDING  NUMBERS 


PROGRAM 
ELEMENT  NO. 

63215F 


PROJECT 

TASK 

NO 

NO 

2480 

16 

WORK  UNIT 


12  PERSONAL  AUTHOR(S) 

R.J.  Rossi 


13a.  TYPE  OF  REPORT 

Interim 


16  SUPPLEMENTARY  NOTATION 


13b  TIME  COVERED 


to  Jan  88 


14.  DATE  OF  REPORT  (Year,  Month,  Day)  115.  PAGE  COUNT 


July  1988 


Includes  total 


pages  with  print, 
including  covers. 


17, _ COSATl  CODES _ I  18  SUBJECT  TERMS  ( Continue  on  reverse  if  necessary  and  identify  by  block  number) 

FIELD  I  group  I  sub-group  1  Turbine  fuel,  JP-4,  JP-8,  Great  Plains  Gasification  Plant, 

tar  oil,  crude  phenols,  naphtha,  jet  fuel,  chemical  analysis 


19  A8STRACT  ( Continue  on  reverse  if  necessary  and  identify  by  block  number) 

In  September  1986,  the  Fuels  Branch  of  the  Aero  Propulsion  Laboratory  at  Wright-Patterson 
Air  Force  Base,  Ohio,  commenced  an  investigation  of  the  potential  of  jet  fuel  production 
from  the  liquid  by-product  streams  produced  by  the  gasification  of  lignite  at  the  Great 
Plains  Gasification  Plant  (GPGP)  in  Beulah,  North  Dakota.  Funding  has  been  provided  to  the 
Department  of  Energy  (DOE)  Pittsburgh  Energy  Technology  Center  (PETC)  to  administer  the 
experimental  portion  of  this  effort.  This  document  reports  the  results  of  the  effort  by 
Burns  and  Roe  Services  Corporation/Science  Applications  International  Corporation  (BRSC/SAIC 
to  compile  and  review  physical  and  chemical  characterization  data  for  the  GPGP  by-product 
liquids.  This  report  describes  the  relative  reliability  of  the  various  characterization 
data  and  indicates  where  specific  limitations  exist.  Finally,  the  report  also  serves  as  a 
general  reference  for  comparing  and  assessing  the  results  of  future  GPGP  liquid  by-product 
analysis. 


20  DISTRIBUTION /AVAILABILITY  OF  ABSTRACT 
(p  UNCLASSIFIED/UNLIMITED  □  SAME  AS  RPT 


22a  NAME  OF  RESPONSIBLE  INDIVIDUAL 

William  E.  Harrison  III 


DO  Form  1473,  JUN  86  < 


□  OTIC  USERS 


21  ABSTRACT  SECURITY  CLASSIFICATION 
1  • 


22c  OFFICE  SYMBOL 


iiiirar.i'W 


Previous  editions  are  obsolete. 


'iiaWWuiWa 


SECURITY  CLASSIFICATION  OF  THIS  PAGE 

UNCLASSIFIED 


NOTICE 


When  Government  drawings,  specifications,  or  other  data  are  used  for 
any  purpose  other  than  in  connection  with  a  definitely  Government-related 
procurement,  the  United  States  Government  incurs  no  responsibility  or  any 
obligation  whatsoever.  The  fact  that  the  Government  may  have  formulated  or 
in  any  way  supplied  the  said  drawings,  specifications,  or  other  data,  is  not 
to  be  regarded  by  implication,  or  otherwise  in  any  manner  construed,  as 
licensing  the  holder,  or  any  other  person  or  corporation;  or  as  conveying 
any  rights  or  permission  to  manufacture,  use,  or  sell  any  patented  invention 
that  may  in  any  way  be  related  thereto. 


This  report  has  been  reviewed  by  the  Office  of  Public  Affairs  (ASD/PA) 
and  is  releasable  to  the  National  Technical  Information  Service  (NTIS).  At 
NTIS,  it  will  be  available  to  the  general  public,  including  foreign  nations. 


This  technical  report  has  been  reviewed  and  is  approved  for 
publication. 


f  QL — -JJL 

WILLIAM  E.  HARRISON  III,  Fuels  Br 
FOR  THE  COMMANDER 


L  /q-ik x--  <-  (Lx  U. 

CHARLES  L.  DELANEY,  Chtfef 
Fuels  Branch 


uENITO  P.  BOTTERI,  Assistant  Chief 
Fuels  and  Lubrication  Division 


If  your  address  has  changed,  if  you  wish  to  be  removed  from  our  mailing 


list,  or  if  the  addressee  is  no  longer  employed  by  your  organization  please 
notify  AFWAL/POSF,  Wright-Patterson  AFB,  OH  45433-6563  to  help  us  maintain  a 
current  mailing  list. 


Copies  of  this  report  should  not  be  returned  unless  return  is  required 
by  security  considerations,  contractual  obligations,  or  notice  on  a  specific 
document. 


FOREWORD 


In  September  1986,  the  Fuels  Branch  of  the  Aero  Propulsion  Laboratory 
at  Wright-Patterson  Air  Force  Base,  Ohio  commenced  an  investigation  of  the 
potential  of  production  of  jet  fuel  from  the  liquid  by-product  streams 
produced  by  the  gasification  of  lignite  at  the  Great  Plains  Gasification 
Plant  in  Beulah,  North  Dakota.  Funding  was  provided  to  the  Department  of 
Energy  (DOE)  Pittsburgh  Energy  Technology  Center  (PETC)  to  administer  the 
experimental  portion  of  this  effort.  This  report  details  the  effort  of 
Burns  and  Roe  Services  Corporation/Science  Applications  International 
Corporation  (BRSC/SfliC),  who,  as  a  contractor  of  DOE  (DOE  Contract  No.  DE- 
AC22-87PC79338) ,  compiled  and  reviewed  physical  and  chemical  analyses  con¬ 
ducted  for  these  liquid  by-product  streams  by  other  program  participants. 
DOE/PETC  was  funded  through  Military  Interdepartmental  Purchase  Request 
(MIPR)  FY1455-86-N0657 .  Mr.  William  E.  Harrison  III  was  the  Air  Force 
Program  Manager  and  Mr.  Gary  Stiegel  was  the  DOE/PETC  Program  Manager. 
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EXECUTIVE  SUMMARY 


The  Great  Plains  Gasification  Plant  (GPGP)  represents  the  first  com¬ 
mercial  Synfuels  Plant  in  the  United  States.  The  plant  is  being 
operated  for  the  Department  of  Energy  by  the  ANG  Coal  Gasification 
Company  to  produce  synthetic  natural  gas  (SNG)  from  North  Dakota 
lignite.  Although  the  plant  was  designed  to  nominally  produce 

137.5  MMSCF  of  SNG  per  day,  ANG  has  more  recently  operated  at  an 
average  rate  approaching  150  MMSCF  of  SNG  per  day.  In  addition  to  SNG, 
the  GPGP  also  produces  three  liquid  hydrocarbon  by-product  streams: 
Rectisol  naphtha,  crude  phenol,  and  tar  oil.  Participants  in  the  Jet 
Fuel  from  Coal  Derived  Liquids  Program  have  analyzed  samples  of  these 
by-product  liquids  periodically  in  order  to  assess  the  processing 
required  to  produce  specification  jet  fuels  and  to  assess  the 
variability  in  product  quality  over  time.  Furthermore,  ANG  has  sampled 
these  liquids  on  a  fairly  regular  basis  since  early  1985,  primarily  for 
marketing  purposes.  The  purpose  of  this  work  is  to  collect  all 
available  physical  and  chemical  characterization  data  performed  for 
these  liquid  by-products  during  this  program  and  assess  the 
similarities  and  differences  inherent  in  these  data.  Results  of  this 
effort  are  presented  in  the  following  report  along  with  characteriza¬ 
tion  data  for  the  by-product  liquids. 

This  study  concludes  that  most  of  the  basic  physical  and  chemical 
analyses  such  as  specific  gravity,  elemental  composition,  heating 
value,  water  content  and  ASTM  distillation  are  generally  reliable, 
although  the  ASTM  D-2887  distillation  method  is  preferred  for  the  tar 
oil.  Naphtha  Reid  Vapor  Pressure  (RVP),  tar  oil  Conradson  Carbon  and 
GC  component  analyses  for  the  naphtha,  crude  phenol,  and  tar  oil  also 
are  reliable  within  certain  limits.  On  the  other  hand,  naphtha  RVP  can 
be  particularly  sensitive  to  changes  in  naphtha  stabilizer  operation  or 
handling  procedures  due  to  its'  high  volatility. 

Although  GC  analyses  have  verified  the  presence  of  guaiacol  and 
catechol  in  the  crude  phenol,  concentrations  measured  to  date  ai  e 


1 


highly  variable  and  require  further  definition.  PONA  (paraffin/ 
olefin/naphthene/aromatic)  analysis  of  the  GPGP  naphtha  also  varies 
substantially  except  for  aromatics  which  comprise  approximately  60 
percent  of  the  stream.  While  tar  oil  viscosity  data  at  120°F  and  150°F 
appear  to  be  reasonable,  most  crude  phenol  and  tar  oil  data  varies  sub¬ 
stantially  and  should  be  better  defined.  General  observations  of  tar 
oil  thermal  instability  by  program  participants  emphasizes  the  need  to 
collect  more  viscosity  data,  particularly  regarding  possible  affects  of 
time  and  temperature.  Finally,  exclusion  of  1985  data  has  minimal 
effect  on  the  statistical  variation  of  the  properties  examined  with 
exception  of  the  naphtha  which  is  much  less  volatile  before  July  1985 
than  afterwords.  Overall,  much  useful  data  has  been  collected  by 
participants  in  the  Jet  Fuels  Production  Program.  Additional  limited 
analyses  such  as  GC/MS  component  characterization,  acid/base  extrac¬ 
tion,  proton-  and  C- 1 3  NMR,  and  flash  separation  supplement  these  data 
and  help  direct  additional  analytical  efforts,  as  well  as,  economic  and 
process  evaluations. 

2.  GOALS  AND  OBJECTIVES 


As  part  of  the  Jet  Fuels  Production  Program,  the  Department  of  Defense 
(DOD),  and  Department  of  Energy  (DOE)  have  requested  BRSC/SAIC  to 
review  and  collect  all  available  data  that  has  been  published  and/or 
presented  characterizing  the  liquid  by-products  produced  at  the  Great 
Plains  Gasification  Plant  (GPGP).  As  a  product  of  this  study,  BRSC/ 
SAIC  has  compiled  these  data  to  serve  as  a  central  reference  to  all 
participants  in  the  Jet  Fuels  Production  Program  as  well  as  other 
interested  parties.  During  this  program,  Rectisol  naphtha,  crude 
phenol,  and  tar  oil  produced  at  the  GPGP  have  been  analyzed  and 
characterized  by  participants  to  identify  which  streams  or  stream 
fractions  are  amenable  to  upgrading  for  Jet  fuel  production. 

In  addition,  efforts  to  enhance  the  profitability  of  the  GPGP  have  been 
ongoing  since  plant  startup.  Consequently,  ANG  has  been  conducting  a 
program  to  analyze  the  liquid  by-products  and  to  identify  potential 
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marketing  opportunities.  These  data  have  been  made  available  for  the 
Jet  Fuels  Production  Program  and,  as  a  result,  the  overall  GPGP  liquid 
by-product  data  base  is  sufficiently  large  to  provide  a  useful 
statistical  basis  for  comparing  analytical  results  from  future  efforts. 
An  additional  objective  of  this  effort  is  to  identify  gaps  and  weak¬ 
nesses  in  the  existing  data  and  thus  provide  guidance  to  future 
analytical  work. 

3.  APPROACH 

In  order  to  develop  the  data  base  required  for  this  study,  BRSC/SAIC 
reviewed  and  compiled  all  available  data  pertaining  to  the  analyses  of 
the  GPGP  liquid  by-products.  Following  this,  a  master  list  of  all 
'etters,  reports,  and  handouts  was  prepared  and  reviewed  with  DOE  and 
DOD  to  ensure  that  any  pertinent  documents  were  not  overlooked.  This 
list,  includes  analyses  reported  up  to  December  31,  1987  (References  1- 
40).  Subsequently  released  data  was  not  included  in  this  report  to 
expedite  completion  in  a  timely  manner. 

With  this  information  at  hand,  a  data  base  was  assembled  using  Lotus  1- 
2-3  to  collect  the  analyses  most  frequently  conducted  and  reported. 
This  includes  ASTM  distillation  data,  elemental  analyses,  density,  HHV, 
and  where  available,  vapor  pressure,  water  content,  and  GC  component 
analyses.  BRSC/SAIC  has  performed  statistical  analyses  where  suf¬ 
ficient  data  are  available  to  confidently  identify  and  highlight  signi¬ 
ficant  similarities  or  differences.  Other  analyses,  such  as  proton  and 
C-13-NMR,  and  GC/MS  are  included  where  applicable.  However,  this 
report  does  not  include  detailed  discussion  of  these  analyses  since  the 
quantity  of  information  available  would  result  in  an  excessively  long 
report.  Consequently,  these  analyses  are  cross-referenced  to 
facilitate  retrieval  of  the  original  laboratory  report.  It  should  also 
be  noted  that  it  is  not  BRSC/SAIC' s  intent  to  interpret  various 
analytical  techniques. 
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Overall,  the  report  itself  is  organized  by  by-product  to  permit 
separate  discussion  of  the  three  by-product  streams  of  interest: 
Rectisol  naphtha,  crude  phenol,  and  car  oil.  In  order  to  place 
possible  factors  affecting  product  quality  in  context,  a  brief  overview 
of  the  Lurgi  Gasification  Process  is  provided,  followed  by  discussion 
of  liquid  by-product  recovery  facilities  at  the  GPGP.  Next,  a  general 
overview  is  provided  of  the  types  of  analyses  conducted  on  the  three 
streams  along  with  a  brief  discussion  of  the  statistical  technique  used 
in  this  study.  The  report  then  provides  a  detailed  evaluation  of  the 
by-product  analyses,  along  with  a  summary  of  conclusions  and 
recommendations  from  the  evaluation. 


LIQUID  BY-PRODUCT  PRODUCTION  AT  GPGP 

The  Great  Plains  Gasification  Plant  (GPGP)  uses  14  Lurgi  Mark  IV 
Gasifiers  to  produce  Synthetic  Natural  Gas  (SNG)  from  Beulah-Zap 
lignite.  Figure  A-1  illustrates  the  proccessing  sequence  required  to 
accomplish  this.  Likewise,  Figure  A-2  includes  a  simplified  material 
balance  for  the  base  design  case,  which  produces  137.5  MMSCFD  of  SNG. 
By-product  rates  for  the  base  design  are  included  for  general 
reference.  Moving  bed  (also  known  as  fixed-bed)  gasification  processes 
such  as  that  exemplified  by  Lurgi 's  dry-bottom  Mark  IV  gasifier 
typically  produce  a  wide-boiling  liquid  by-product  which  may  or  may  not 
be  recovered  from  the  product  synthesis  gas.  As  illustrated  in 
Figure  A-3,  the  coal  is  charged  to  the  top  of  the  gasifier  while  oxygen 
and  steam  are  fed  countercurrently  at  the  bottom  of  the  vessel  through 
a  grate.  Reaction  of  the  oxygen  with  the  coal  in  the  combustion  zone 
supplies  heat  driving  the  gasification  reactions  taking  place  in  the 
zone  immediately  above  the  combustion  zone.  Heat  is  transferred 
between  the  "zones"  by  the  countercurrent  flow  of  hot  gases  produced  by 
the  reactions,  while  temperature  is  controlled  by  providing  excess 
steam. 3 8 >3 9  The  steam  also  serves  as  a  source  of  hydrogen  (via  water- 
gas  shift  and  steam-carbon  reactions)  for  the  production  of  methane 
within  the  gasifier.  As  the  gas  stream  flows  upward  through  the  coal, 
it  heats  and  pyrolyzes  the  coal  in  the  devolatilization  zone.  It  is  in 


this  area  that  the  liquid  by-products  are  formed  along  with  additional 
light  gases  (C0X,  methane,  ethane,  H2,  H2S,  and  NHj).  Since  the  tem¬ 
peratures  in  this  zone  are  not  high  enough  nor  residence  times  long 
enough  to  decompose  the  hydrocarbonaceous  materials,  they  exit  with  the 
gas  stream  into  the  drying  zone.  Finally,  the  remaining  sensible  heat 
contained  by  the  combined  combustion,  gasification,  and  carbonization 
product  dries  the  feed  coal  before  exiting  the  gasifier. 

The  crude  gas  exits  the  gasifier  at  approximately  600°F  and  between 
400-500  psig  through  a  quench  scrubber,  where  it  is  contacted  with  gas 
liquor  to  remove  particulates.  Following  quench,  the  raw  gas  is  sent 
to  a  waste  gas  exchanger  as  indicated  in  Figure  A-4,  and  cooled  to 
about  350°F  to  370°F  prior  to  further  processing. 3 9  Gas  liquor  from 
the  quench  scrubber  is  sent  to  the  gas  liquor  separation  unit  to 
recover  tars  and  oils. 

5.  LIQUID  BY-PRODUCT  RECOVERY  AND  SEPARATION  AT  GPGP 


Once  the  raw  gas  is  quenched  and  cooled,  this  stream  is  split,  with 
two-thirds  going  directly  to  the  gas  cooling  block  (Figure  A-5).  The 
remaining  one-third  is  diverted  to  the  Shift  Conversion  Unit  where  it 
is  first  shifted  to  produce  a  hydrogen-rich  synthesis  gas,  then  cooled 
to  about  95°F  before  re-blending  with  the  raw  syngas.  Cooling  of  the 
gas  exiting  the  Shift  Conversion  Unit  results  in  the  condensation  of 
tar-  and  oil-laden  water  streams  which  are  sent  to  the  Gas  Liquor 
Separation  Unit  for  further  processing. 

Cooling  of  the  raw  synthesis  gas  in  the  Gas  Cooling  Unit  also  forms 
condensates,  commonly  known  as  tarry  gas  liquor  and  oily  gas  liquor. 
These  two  streams  are  combined  and  transferred  to  the  Gas  Liquor 
Separation  Area  along  with  the  Shift  Conversion  Unit  condensates  for 
further  processing. 3 9  The  cool  raw  gas  is  combined  with  the  cooled  gas 
from  the  Shift  Conversion  Unit  and  routed  to  the  Rectisol  Unit  to 
remove  H2S  and  other  sulfur  compounds,  C02  and  hydrocarbons  prior  to 
final  conversion  to  SNG. 
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5. 1  Rectisol  Naphtha 


The  Rectisol  Unit  utilizes  methanol  circulating  at  low  temperature 
to  contact  the  raw  synthesis  gas  in  an  absorber.  Naphtha  is  con¬ 
densed  in  the  cold  methanol  along  with  the  acid  gases  and  the 
small  quantities  of  mercaptans  and  thiophenes  present  in  the  gas. 
As  shown  in  Figure  A-6,  a  number  of  sequential  separation  steps 
are  required  to  recover  lean  methanol,  naphtha,  and  the  acid 
gases.  Sulfur  compounds  and  CO  2  are  stripped  from  the  condensed 
naphtha  in  the  Naphtha  Stripping  Unit  and  sent  to  storage.  The 
net  result  of  the  cleaning  and  separation  steps  talcing  place  in 
the  Rectisol  Unit  is  a  synthesis  gas  stream  containing  0.2  ppm  or 
less  sulfur  compounds.  This  gas  stream,  which  now  has  the 
required  3.0  H2:C0  ratio  and  less  than  2.0  ppm  sulfur,  is  fed  to 
the  Methanation  Area  and  is  converted  to  SNG. 

5.2  Crude  Phenol 


Gas  liquor  from  the  Gas  Liquor  Separation  Unit  contains  consider¬ 
able  quantities  of  phenolic  compounds  which  cannot  be  discharged 
without  prior  treatment.  Since  the  concentration  is  too  high  to 
be  degraded  by  conventional  biological  treatment,  this  stream  is 
sent  to  a  Phenosolvan  Unit,  where  the  phenols  are  extracted  from 
the  gas  liquor  with  isopropyl  ether  (IPE)  solvent.  As  seen  in 
Figure  A-7,  this  is  accomplished  in  a  series  of  mixer-settler 
tanks  where  a  solvent-phenol  mixture  is  produced  by  countercurrent 
extraction.  This  mixture  is  then  sent  to  the  Solvent  Distillation 
Column  and  the  Solvent  Recovery  Stripper  to  separate  and  recover 
the  IPE,  producing  a  crude  phenol  stream. 

5.3  Tar  Oil 


As  previously  discussed,  condensates  from  the  cooling  of  the  raw 
gas  stream,  otherwise  known  as  gas  liquor,  are  collected  and  sent 
to  the  Gas  Liquor  Separation  Unit.  These  condensates  contain  tar, 
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tar  oils,  and  dissolved  compounds  such  as  phenols,  ammonia,  carbon 
dioxide,  and  hydrogen  sulfide.  There  they  are  further  cooled, 
combined,  and  reduced  in  pressure.  As  illustrated  by  Figure  A-8, 
the  total  stream  is  processed  in  a  series  of  separators  where  the 
gas  liquor  separates  into  separate  phases.  Tar  and  tar  oil  are 
recovered  from  the  gas  liquor  by  gravity  as  the  tar  (sp.  gr.>1.0), 
tar  oil  (sp.  gr.<1.0),  and  water  phase  (sp.  gr.*1.0)  separate  into 
discrete  phases.®  Although  it  is  not  specifically  a  plant  by¬ 
product,  a  dusty  tar  containing  approximately  20  percent  solids  is 
recovered  in  the  Primary  Separator  and  recycled  to  extinction  in 
the  gasifiers. 

A  light,  clean  tar  typically  containing  2-6  weight  percent  solids 
is  also  recovered  in  the  Primary  Separators.  Oil  is  recovered 
primarily  in  the  Secondary  Separators  along  with  some  tar  carried 
over  from  the  Primary  Separators.  The  remaining  aqueous  phase, 
which  still  contains  a  small  amount  of  oil  is  introduced  into  the 
Fuel  Gas  Liquor  Separator,  where  the  remaining  oil  is  skimmed  off 
and  recovered.  The  oil-free  water  is  then  filtered  and  sent  to 
the  Phenosolvan  Unit. 


BY-PRODUCT  ANALYSIS 

While  this  report  does  not  examine  the  accuracy  and/or  limitations  of 
the  analytical  techniques  applied  by  program  participants,  it  is  useful 
to  briefly  summarize  the  types  of  analyses  performed  on  the  naphtha, 
crude  phenol,  and  tar  oil  stream  to  provide  a  general  indication  of  the 
types  of  data  that  are  available. 

6. 1  Rectisol  Naphtha  Analysis 

For  the  Rectisol  Naphtha  stream,  routine  and  seasonal  analyses 
typically  conducted  by  ANG  includes  the  specific  gravity,  heating 
value,  water  content,  and  elemental  composition.  Additionally, 
the  naphtha  was  frequently  characterized  using  the  ASTM  D-86  dis- 


tillation  procedure.  RVP,  viscosity,  PONA  content,  and  component 
GC  analyses  are  measured  on  a  more  limited  basis.  Amoco,  WRI,  and 
UNDEMRC  have  also  conducted  similar  analyses  on  samples  of  the 
naphtha  that  they  have  received.  UNDEMRC  has  also  performed  GC/MS 
analysis,  carbon-13  ( C- 1 3 )  nuclear  magnetic  resonance  (NMR) 
spectroscopy,  and  protcn-NMR  spectroscopy  on  the  naphtha  in  order 
to  provide  a  qualitative  look  at  the  types  of  compounds  and  func¬ 
tional  groups  present  in  this  stream.  Amoco *  and  UNDEMRC23 >2S 
have  also  performed  limited  analyses  on  "deodorized"  or  "sweet" 
naphtha  samples  from  which  the  highly  volatile,  offensive-smelling 
mercaptans  and  thiophenes  have  been  extracted.  Lastly,  WRI  has 
also  reported  analyses  of  the  naphtha  stream,  including  specific 
gravity,  elemental  composition,  GC/MS  analyses  and  ASTM  D-2887  GC 
distillation. 3  7 

6.2  Crude  Phenol 

Crude  phenol  analyses  reported  by  ANG,  Amoco,  WRI,  UNDEMRC,  and 
HRI  typically  include  measurements  of  properties  such  as  specific 
gravity,  water  content,  heating  value,  and  elemental  analyses. 
ASTM  D-86  distillations  were  also  frequently  conducted  and 
reported.  Pour  point,  viscosity,  and  GC  component  analyses  were 
also  performed,  although  on  a  less  frequent  basis.  WRI  has  per¬ 
formed  D-2887  GC  distillations  on  several  crude  phenol  samples, 
while  UNDERC  and  HRI  have  conducted  true  boiling  point  (TBP)  dis¬ 
tillations  for  this  stream.  1  7  *  2  7  *  2  8  WRI  has  also  reported  the 
results  of  a  flash  distillation  of  the  crude  phenol  conducted  to 
prepare  samples  for  tests  examining  the  suitability  of  crude 
phenol  fractions  as  feedstock  for  Jet  fuel  production.  Finally, 
HRI  has  performed  GC  component  analyses  while  UNDERC  has  performed 
GC/MS,  C- 1 3  NMR,  and  proton-NMR  analyses  of  whole  crude  phenol, 
and  fractions  from  the  TBP  distillation  of  the  crude  phenol. 
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As  was  the  case  with  the  Rectisol  Naphtha  and  Crude  Phenol 
streams,  the  GPGP  Tar  Oil  analyses  include  measurements  for  prop¬ 
erties  such  as  specific  gravity,  heating  value,  water  content,  and 
elemental  analyses.  Some  data  are  also  reported  for  solids  con¬ 
centration  in  the  tar  oil.  Since  solids  can  plug  catalyst  beds, 
this  data  is  important  when  designing  upgrading  facilities  for 
this  stream.  Limited  analyses  regarding  the  specific  composition 
of  these  solids  are  also  available  from  Chromaspec,  ANG,  and  WRI. 
Component  analyses  of  the  tar  oil  are  also  available,  as  are  data 
on  viscosity,  vapor  pressure,  pour  point,  flash  point,  and 
Conradson  Carbon.  Because  the  tar  oil  contains  heavy,  high- 
boiling,  complex  hydrocarbons,  distillation  analyses  was  extended 
to  utilize  ASTM  D- 1 1 60  vacuum  distillation  and  D-2887  GC  distil¬ 
lation  techniques.  The  D-1160  and  D-2887  methods  provide  more 
reliable  information  than  the  D-86,  particularly  regarding  the 
last  30  percent  of  the  tar  oil,  which  tends  to  degrade  in  the  D-86 
test. 2  *  i  28  WRI  also  reported  liquid-liquid  extraction  and  elution 
chromatography  results  for  the  whole  tar  oil  along  with  charac¬ 
terization  data  for  a  caustic-extracted  tar  oil  they  prepared  for 
hydrotreating  tests.37  UNDEMRC  has  performed  detailed  analyses  on 
the  whole  tar  oil  as  well  as  acid,  base,  and  neutral  fractions  of 
the  tar  oil.  They  have  reported  the  results  of  GC  analyses  of 
these  fractions  along  with  short  column  separations  determining 
the  concentration  of  aliphatic,  aromatic,  and  polar  components. 
UNDEMRC  has  also  reported  the  results  of  tests  to  quantify  the 
stability  of  the  GPGP  by-products  and  in  particular,  the  tar  oil 
during  D-86  distillation.23 

STATISTICAL  ANALYSIS  OF  GPGP  BY-PRODUCT  CHARACTERIZATIONS 

Characterization  data  reported  for  the  GPGP  by-products  have  been  com¬ 
piled  and  subjected  to  statistical  analysis  to  help  determine  the 

reliability  of  the  data  and  its  suitability  for  use  in  future  evalua- 
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tions  of  product  end  uses  (upgrading,  extraction,  etc.).  Since  distil¬ 
lation  represents  one  of  the  most  common  analyses  performed, 
significant  emphasis  focused  on  the  evaluation  of  this  data.  However, 
other  properties  were  evaluated  and  results  reported  where  sufficient 
data  existed  to  develop  a  reasonable  statistical  base.  These  data  are 
summarized  for  the  Rectisol  naphtha,  crude  phenol,  and  tar  oil  in 
Appendix  D,  Tables  D-1  through  D-3,  respectively. 

The  statistical  analyses  focus  on  the  estimated  95  percent  confidence 
interval  for  the  data  under  consideration.  This  approach  is  frequently 
utilized  when  reporting  experimental  data  in  order  to  illustrate  the 
relative  variability  and  reliability  of  reported  results.  in  general, 
a  confidence  interval  can  be  determined  from  the  following  equation: *0 

Y-*-tSy  =  Y  +  t__ 

where:  Y  =  sample  mean  for  desired  confidence  level 

t  =  t  distribution  value  for  n-1  degrees  of  freedom 
n  =  sample  size 

=  sample  standard  deviation  of  Y  data 
S“  =  estimated  standard  error  of  the  mean 

This  type  of  analysis  provides  the  user  with  a  yardstick  for  assessing 
the  reliability  of  the  data  they  have  collected.  It  can  also  serve  as 
a  basis  for  deciding  whether  or  not  to  use  a  particular  analysis  in 
developing  a  process  design  or  economic  evaluation.  For  example,  a 
recipient  of  a  GPGP  by-product  sample  can  compare  their  analyses  of  the 
sample  to  that  contained  in  this  report  to  determine  whether  the 
material  is  representative.  Similarly,  this  data  can  be  used  to  assess 
the  degree  of  flexibility  required  during  design  of  specific  design. 

It  is  important  to  note  that  a  portion  of  the  data  included  in  this 
report  dates  back  to  the  1985  operation  of  the  Great  Plains  Gasifica¬ 
tion  Plant.  As  operations  continued,  there  have  been  changes  in  some 
operations  as  the  staff  became  more  familiar  with  the  plant  and  as 
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economic  conditions  warranted.  For  example,  ANG  has  demonstrated  that 
the  plant  is  capable  of  producing  as  much  as  150-153  MMSCFD  of  SNG,  as 
compared  to  the  nameplate  capacity  of  137.5  MMSCFD.  It  is  possible 
that  some  process  operations  have  been  modified  to  permit  higher 
production  rates  and  consequently,  product  rates  and  qualities  may  have 
changed  as  a  result.  At  the  suggestion  of  ANG,11*  BRSC/SAIC  has 
evaluated  the  data  with  and  without  the  1 985  analyses  in  order  to 
assess  whether  changes  in  operation  are  reflected  in  the  physical  and 
chemical  property  data.  It  is  also  possible  that  the  earlier  analyses 
may  reflect  limitations  in  analytical  techniques  and/or  apparatus  that 
have  been  addressed  as  the  participants  have  gained  more  experience 
handling  and  analyzing  these  streams.  In  general,  it  is  probably 
desirable  to  give  less  emphasis  to  the  1985  data  when  specific 
questions  arise  regarding  the  representativeness  of  reported  analyses. 

Lastly,  data  reported  by  ANG  for  the  period  November  1985  through 
February  1986  represents  no  more  than  the  repeat  of  the  first  analyses 
in  the  shipment  log.  Therefore,  these  reported  data  have  been  analyzed 
as  only  one  data  point,  at  the  suggestion  of  ANG. 

8.  BY-PRODUCT  DATA  ANALYSIS  RESULTS 
8. 1  Rectisol  Naphtha 

From  a  practical  standpoint,  Rectisol  naphtha  is  probably  the  most 
difficult  stream  to  accurately  characterize  of  the  three  GPGP  by¬ 
product  streams.  First  and  foremost,  the  naphtha  contains  a 
significant  quantity  of  light,  volatile  materials  which  are  easily 
lost.  To  make  matters  even  worse,  sufficient  concentrations  of 
mercaptans  and  thiols  are  contained  in  the  volatile  front  end  to 
result  in  noxious  odor  that  makes  physical  handling  of  this  stream 
extremely  difficult.  Nonetheless,  it  is  potentially  quite 
valuable,  containing  significant  quantities  of  benzene,  toluene, 
and  xylene  (BTX).  Thus,  it  may  have  market  value  either  as  high- 
octane  gasoline  blendstock  or  raw  material  for  petrochemical 
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production.  Consequently,  analyses  of  this  stream  is  important, 
from  the  standpoint  of  evaluating  end  uses  for  this  stream  assess¬ 
ing  possible  deodor ization  techniques,  and  also  to  enable  com¬ 
parison  between  a  researcher's  sample  and  the  actual  typical 
naphtha  produced  at  GPGP. 

Review  of  the  analyses  performed  by  ANG,  UNDERC,  Amoco,  and 
Chromaspec  indicates  that  there  is  generally  good  agreement 
between  the  various  analyses  of  the  naphtha  stream  shown  in 
Table  1 .  Average  values  as  well  as  the  95  percent  confidence 
limits  for  the  analyses  were  calculated.  Although  the  reported  D- 
86  data  cover  a  fairly  wide  range,  further  analyses  of  the 
Rectisol  naphtha  indicates  the  data  agree  fairly  well,  as 
evidenced  by  the  relatively  "tight"  95  percent  C.L.  shown  in 
Figure  1  as  well  as  Table  1.  The  only  exception  to  this  is  the 
IBP  through  10  vol  percent  distilled  point  which  varies  +10 
percent  and  the  final  boiling  point,  which  varies  approximately 
+13  percent.  Other  properties  such  as  specific  gravity,  heating 
value,  water  content  and  elemental  analyses  also  show  generally 
good  agreement,  although  water  and  heteroatom  content  do  vary  more 
significantly.  Given  the  volatility  of  the  naphtha,  the  variation 
in  nitrogen  and  sulfur  content  probably  reflect  losses  of 
material,  particularly  the  mercaptans  and  thiols  to  the  atmos¬ 
phere.  This  factor  may  likely  be  a  cause  of  variation  in  the 
methanol,  acetone,  and  methyl  ethyl  ketone  content  of  the  naphtha, 
where  the  95  percent  confidence  level  ranges  between  +19.7  percent 
to  +37.4  percent. 

PONA  analyses  vary  to  an  even  more  significant  extent  due  in  part 
to  the  relatively  low  number  of  analyses  conducted.  Paraffin  con¬ 
tent  varies  by  about  +50  percent,  while,  olefins  vary  +112 
percent,  and  naphthenes  by  about  +54  percent.  Surprisingly, 
aromatics  concentration  data  exhibits  relatively  good  agreement, 
averaging  about  63.5  +  3.4  LV  percent.  This  represents  a  con¬ 
fidence  interval  which  is  +5.3  percent.  Also,  Amoco  has  noted  the 


presence  of  unstable  diolefins  in  the  naphtha  which  must  be 
treated  in  order  to  meet  product  specifications.  Individual  com¬ 
ponent  analyses  indicate  benzene,  toluene,  and  xylene  (BTX)  con¬ 
centrations  equal  61.9  +5.0  wt.  percent  and  thus  comprise  more 
than  90  percent  of  the  aromatics  in  the  naphtha.  ANG  has  recently 
reported  that  they  have  measured  BTX  concentrations  of  55  percent 
and  59  percent,12  which,  although  less  than  the  data  quoted  pre¬ 
viously,  are  either  within  or  very  close  to  the  95  percent  con¬ 
fidence  limits.  ANG  has  also  commented  that  the  heteroatoms  con¬ 
tained  in  the  naphtha  stream  can  interfere  with  certain  BTX 
analyses  procedures  and  are  willing  to  discuss  their  own 
experience  with  other  laboratories. 

Following  discussions  with  ANG,  it  was  also  decided  to  analyze  the 
data  on  a  more  rigorous  basis.  ANG  has  stated  that  the  naphtha 
stabilizer  was  originally  operated  as  a  debutanizer,16  thus  remov¬ 
ing  light  ends.  As  time  has  progressed,  ANG  has  moved  away  from 
this  operating  mode,  thereby  leaving  more  low  boiling  components 
in  the  naphtha.  Although  overall  analyses  of  D-86  distillation 
data  agree .  fairly  well,  inspection  of  the  D-86  distillation  data 
reveals  a  marked  difference  in  the  first  30  vol  percent  of  the 
naphtha  for  the  samples  collected  between  03/01/85  and  07/19/85, 
as  depicted  in  Figure  2.  Statistical  analyses  of  the  modified 
data  presented  in  Table  2  suggests  the  early  data  has  relatively 
little  impact  on  the  overall  analyses,  except  for  the  P0NA 
analyses,  where  there  are  too  few  data  points  to  attach  any  degree 
of  confidence.  The  D-86  distillation  data  resulting  from  the 
exclusion  of  data  collected  through  07/19/85  generally  falls  into 
the  95  percent  confidence  interval  calculated  for  the  entire 
available  data  base,  as  shown  in  Figure  3.  Further  comparison  of 
the  reported  data  in  Tables  1  and  2  highlights  the  narrowing  of 
the  data  range  that  improves  the  D-86  data.  A  similar  evaluation 
limiting  the  data  to  only  that  reported  since  09/01/86  reveals  a 
slight  change  in  the  D-86  distillation  profile  and  other  prop¬ 
erties  although  most  are  still  within  the  95  percent  C.L. 
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As  previously  mentioned,  the  raw  Rectisol  naphtha  contains  notice¬ 
able  concentrations  of  sulfur  compounds  which  result  in  extremely 
unpleasant  odors,  thus  hindering  or  even  preventing  normal 
analyses.  UNDEMRC  and  Amoco  have  both  investigated  procedures  for 
deodorizing  this  stream  with  some  degree  of  success.  UNDEMRC  has 
utilized  two  alternate  methods:  (1)  sulfuric  acid  wash;  and  (2) 
caustic  wash.  The  caustic  wash  was  further  refined  by  addition  of 
copper  sulfate  and  quinoline,  which  resulted  in  total  deodor iza- 
tion.  Amoco  successfully  used  20  percent  caustic  blended  with  a 
50/50  methanol/water  solution  following  limited  results  with 
caustic  alone.  Results  of  the  Amoco  NaOH  and  NaOH/MeOH  extraction 
presented  in  Table  C-1  directionally  confirm  the  effectiveness  of 
the  extractions.  Caustic  alone  removes  about  27  percent  of  the 
sulfur,  while  the  NaOH/MeOH  combination  removes  50  percent  of  the 
sulfur.  The  caustic  seems  to  be  somewhat  more  effective  at  remov¬ 
ing  nitrogen-and  oxygen-containing  compounds  when  used  without  the 
MeOH/water  solution.  Effects  of  the  NaOH-only  extraction  are 
highlighted  by  comparison  of  the  D-86  distillation  in  Figure  4. 
As  can  be  seen,  there  is  a  significant  difference  in  the  first  30 
percent  of  the  naphtha,  with  the  treated  naphtha  boiling  10°F-25°F 
higher  than  the  raw  naphtha. 

UNDEMRC  utilized  both  a  sulfuric  acid  wash  and  a  NaOH  extraction 
tc  deodorize  the  Rectisol  naphtha.  Variations  on  both  have  been 
widely  used  in  the  refining  industry  to  remove  sulfur  compounds 
and  improve  product  quality.  UNDEMRC  has  conducted  GC  and  GC/MS 
analyses  of  untreated  naphtha  to  identify  the  compounds  present.2 3 
This  data,  presented  in  Table  C-2,  indicates  that  although  the 
thiols,  thiobismethane,  and  thiophene  are  not  present  in  large 
quantities,  there  are  more  than  sufficient  quantities  of  these 
compounds  to  impart  a  noticeable  and  pronounced  odor  to  this 
stream.  Subsequent  comparisons  of  GC/MS  data  for  raw-  and  HzSO.,- 
washed  naphtha  in  Figure  B-1  reveal  that  most  of  the  thiophene  has 
been  removed.  Results  of  the  Na0H/CuS0i*  wash  also  achieved  good 
results,  as  shown  by  the  comparison  of  Figures  B-2  and  B-3.  As 
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can  be  seen,  most  of  the  low  boiling  sulfur  compounds  and  thio¬ 
phenes  have  been  removed,  resulting  is  a  significant  reduction  of 
odor.  Addition  of  quinoline  solution  to  the  NaOH/CuSO*  wash 
resulted  in  total  elimination  of  the  odor.  It  has  been  observed 
that  the  deodor izat ion  process  also  removes  some  of  the  C2  and  C$ 
benzenes.  While  it  is  believed  that  the  loss  of  these  compounds 
is  small  and  does  not  result  in  an  economic  debit,  it  is  likely 
that  the  treating  step  would  be  optimized  prior  to  design  in  order 
to  avoid  undesirable  compound  losses.  UNDEMRC  proton-NMR  and 
carbon- 13  NMR  analyses  presented  in  Table  C-3  verify  the  highly 
aromatic  nature  of  the  naphtha. 

Amoco  and  UNDEMRC  have  also  attempted  to  quantify  the  volatility 
of  the  raw  naphtha  since  it  has  been  observed  that  there  is  a 
possibility  of  losing  some  compounds  by  vaporization,  thus  com¬ 
plicating  analyses.  In  addition,  vapor  pressure  is  an  important 
specification  that  must  be  met  when  blending  naphtha  to  produce 
motor  gasoline.  It  also  is  important  information  needed  to  design 
storage  and  handling  facilities.  Consistent  with  ANG's  comment 
that  the  naphtha  stabilizer  was  originally  operated  as  a 
debutanizer,  the  RVP  of  naphtha  produced  in  more  recent  operation 
are  about  twice  as  high  as  those  measured  early  in  GPGP  operation 
(early  to  mid-1985).  Furthermore,  the  RVP  for  naphtha  subjected 
to  caustic  extraction  by  Amoco  is  only  5.5  psi,  compared  to  the 
typical  range  of  8-11  psi  measured  by  ANG,  reflecting  removal  or 
loss  of  volatile  light  ends.  Amoco  also  conducted  tests  using  a 
"bomb"  designed  to  retain  light  ends.  Comparison  of  the  C5- 
contents  of  the  sample  collected  using  the  "bomb"  vs.  a  standard 
1 -gallon  can  are  presented  in  Table  C-4.  Use  of  the  can  rather 
than  the  bomb  results  in  the  loss  of  all  the  Cj-’s,  60  percent  of 
the  C*’s  and  12-50  percent  of  the  Cs’s.2  This  finding  is  further 
reinforced  by  WRI’s  observation  that  their  sample  of  raw  Rectisol 
naphtha  contained  90+  percent  BTX  (Table  C-5)  as  compared  to  the 
typical  55-65  percent  level  reported  by  other  laboratories, 
suggesting  that  at  least  30-40  percent  of  the  WRI  sample  had  been 
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lost.  Comparison  of  Total  Ion  Chromatograms  (TIC's)  performed  by 
WRI  (Figure  B-4)  and  UNDEMRC  (Figure  B-3)  highlight  the  loss  of 
light  materials  from  the  WRI  sample. 

Lastly,  elemental  analyses  and  D-2887  distillation  data  from  WRI 
characterization  of  the  Rectisol  naphtha  are  presented  in 
Table  C-5.  Since  it  appears  that  the  sample  was  not  representa¬ 
tive  of  the  "typical"  raw  naphtha  due  to  the  loss  of  light  boiling 
compounds  from  the  front  end,  the  data  were  not  factored  into  the 
statistical  analyses.  However,  the  D-2887  data  have  been  pre¬ 
sented  in  graphical  form  (Figure  5)  for  reference. 

8.2  Crude  Phenol 


As  was  the  case  with  the  Rectisol  naphtha,  GPGP  crude  phenol  has 
been  analyzed  by  ANG,  Amoco,  UNDEMRC,  WRI,  and  Chromaspec.  In 
addition,  HRI  has  also  analyzed  the  crude  phenol  as  part  of  their 
test  program  to  assess  the  ability  of  the  Dynaphen  process  to 
produce  pure  benzene  and  phenol.  Statistical  analyses  of  the 
characterization  data,  presented  in  Table  4,  indicate  that  most 
measurements  agree  reasonably  well.  Major  exceptions  are  items 
such  as  the  viscosity  data,  where  large  variation  in  a  relatively 
small  sample  population  result  in  a  95  percent  confidence  interval 
that  is  essentially  meaningless.  Similar  variations  are  exhibited 
by  some  of  the  component  analyses,  such  as  BTX/Light  Aromatics, 
methoxyphenol  and  the  diol  isomers.  This  may  reflect  the 
difficulty  associated  with  conducting  GC  analysis  on  a  stream 
which  contains  many  highly  polar  oxygenated  compounds.  On  the 
other  hand,  the  fairly  large  variations  in  API  gravity  and  sulfur 
content  (95  percent  confidence  interval  =  +  31  percent)  are  likely 
due  to  taking  differences  between  small  numbers.  In  addition, 
sulfur  and  oxygen  analyses  are  sometimes  subject  to  an  inherent 
variability  due  to  analytical  technique.  However,  the  D-86  dis¬ 
tillation  data  exhibit  very  good  agreement  as  shown  in  Figure  7, 
where  the  95  percent  confidence  interval  is  within  +5  percent, 
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except  for  the  front  end.  The  somewhat  greater  variability  of  the 
IBP  and  5  percent  distilled  points  are  not  surprising  given  the 
sharpness  of  the  increase  in  boiling  point  in  that  region. 

Statistically  speaking,  analyses  of  crude  phenol  samples  taken 
during  1986  and  1987  are  very  similar  to  the  data  based  on  the 
entire  1985-87  sample.  As  seen  in  Figure  8,  the  D-86  distillation 
results  are  basically  no  different  than  that  from  the  1985-87 

data.  The  other  characterizations  are  also  quite  similar  as 

illustrated  in  Table  5.  The  only  surprise  is  the  viscosity  data 
collected  at  210°F,  which  has  a  95  percent  C.L.  that  reflects 
relatively  little  variation.  The  1986-87  sample  has  an  average 
viscosity  which  is  68.8  +  14.5  cst  whereas  the  1985/87  sample  was 
148.9  +  238.4  cst.  In  fact,  the  approximate  95  percent  confidence 

intervals  for  the  1985/87  sample  were  so  large  as  to  be  meaning¬ 

less. 

HRI  and  UNDEMRC  have  performed  TBP  distillations  on  the  crude 
phenol  which  are  in  generally  good  agreement  although  there  are 
some  differences.  As  illustrated  in  Figure  B-5,  the  HRI  crude 
phenol  contains  about  15  wt  percent  350°F”  material  while  the 
UNDEMRC  sample  apparently  contains  approximately  8  wt  percent 
350°F~  material.  The  only  other  difference  is  the  indication  that 
the  UNDEMRC  sample  gradually  ramps  up  from  360°F  to  380°F-385°F 
whereas  the  HRI  sample  exhibits  more  of  a  step  change  at  the  52-55 
percent  distilled  region.  There  does  not  appear  to  be  any 
particular  explanation  for  the  differences  other  than  general 
sample  variability,  possible  changes  in  GPGP  Phenosolvan  unit 
operation,  and  potential  differences  in  the  TBP  analytical 
procedures. 

WRI  has  also  reported  results  of  GC  distillations  (ASTM  D-2887) 
performed  on  crude  phenol  samples.  The  results  are  reported  in 
Figure  B-6.  Since  the  GC  distillation  approximates  a  true  boiling 
point  distillation  provided  representative  standards  are  used,  a 
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GC  distillation  can  be  used  in  place  of  a  TBP  for  most  com¬ 
parisons.  However,  the  GC  distillation  data  are  presented  on  a 
volume  basis,  while  the  TBP  data  are  on  a  weight  basis.  Con¬ 
sequently,  specific  gravity  for  each  fraction  is  required  to  put 
the  data  on  a  consistent,  comparable  basis.  Since  this  data  is 
not  readily  available,  the  TBP  and  GC  distillation  data  have  not 
been  compared. 

On  the  other  hand,  D-86  and  D-1160  data  can  be  converted  to  TBP 
and  vice-versa  using  standard  API  procedures.  This  was  done  for 
comparison  between  the  average  D-86  data,  the  May  1985  Chromaspec 
D-1160  analysis,  and  the  D-2887  GC  distillation  data  from  WRI. 
These  comparisons,  presented  in  Table  D-2,  Appendix  D,  agree 
fairly  well  but  are  limited  in  value  due  to  the  lack  of  definition 
of  the  front-and  back-end  tails,  as  well  as  the  small  sample 
population. 

(JNDEMRC ,  WRI,  HRI,  and  ANG  have  performed  additional  analyses  on 
the  crude  phenol  such  as  proton-NMR,  GC,  and  GC/MS  to  provide 
detailed  data  on  the  components  contained  by  this  stream.  Some  of 
the  GC  data  has  been  reported  in  the  general  analyses  (Appendix  D, 
Table  D-1),  providing  concentrations  of  the  quantities  of  phenol, 
cresols,  xylenols,  and  other  compounds  present  in  the  crude 
phenol.  Such  information  is  critical  to  the  assessment  of  the 
economic  value  of  the  crude  phenol  since  cresylic  acids, 
particularly  phenol,  have  been  identified  as  highly  valued 
products  by  prior  marketing  evaluations.1*1  On  the  other  hand, 
guaiacol  (a  methoxyphenol }  and  catechol  (a  diol  isomer)  have  been 
identified  as  undesirable  contaminants  which  would  have  to  be 
removed  in  order  to  yield  a  marketable  product. 

With  regards  to  the  cresylic  acids,  the  general  analyses  of  the 
1985-1987  data  indicates  that  the  crude  phenol  stream  contains 
approximately  30.3  wt  percent  phenol,  21.6  wt  percent  cresols,  5.6 
wt  percent  xylenols,  and  2.0  wt  percent  ethylphenols.  Elimination 
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of  1985  data  from  the  statistical  base  changes  these  concentra¬ 
tions  only  slightly,  if  at  all.  This  information  is  supplemented 
by  Table  15*  which  provides  some  additional  information  on 
concentration-specific  compounds  such  as  o-,  m-,  and  p-cresol,  the 
various  xylenol  isomers,  guaiacol,  and  catechol.  This  breakdown 
is  of  limited  usefulness  since  it  is  extremely  difficult  to  dif¬ 
ferentiate  between  some  compounds  and  isomers.  For  example,  most 
measurements  lump  meta-  and  para-cresol  together.  Ortho-,  meta-, 
and  para-ethylphenol  are  also  lumped  together,  as  are  2, 4/2, 5 
xylenols  and  2, 3/2, 6  xylenols.  Furthermore,  ethylphenol  and  3,5 
xylenol  are  in  several  instances  measured  as  one  peak  on  the  GC 
and  subsequently  reported  as  equal  concentrations,  each  comprising 
50  percent  of  the  measured  concentration.  Interpretation  of  the 
data  is  further  clouded  by  significant  differences  between 
analyses  by  ANG,  HRI,  and  an  outside  laboratory  commissioned  by 
ANG  as  illustrated  by  Table  C-6.  HRI's  results  are  totally  based 
on  GC  analysis  while  the  ANG/Outside  Lab  utilized  several  dif¬ 
ferent  procedures  in  addition  to  GC  analysis.  Analyses  reported 
by  UNDEMRC  appear  to  agree  with  that  provided  by  HRI  but  is  com¬ 
plicated  by  the  fact  that  UNDEMRC  reported  their  GC  analyses  on  an 
area  percent  basis  and  HRI's  is  on  a  wt  percent  basis.  While  the 
response  factors  may  not  significantly  shift  the  UNDEMRC  data  when 
converted  to  wt  percent,  this  matter  is  not  yet  fully  resolved. 
WRI  has  reported  catechol  and  guaiacol  concentrations  of  4.26  wt 
percent  and  1.47  wt  percent  respectively  using  GC/MS  procedures. 
The  need  to  arrive  at  an  acceptable  common  understanding  is  high¬ 
lighted  by  the  disparity  in  reported  phenol,  guaiacol,  and 
catechol  concentrations. 

UNDEMRC  has  completed  a  number  of  analyses  identifying  the  types 
of  compounds  contained  in  the  whole  crude  phenol  as  well  as  in 
specific  cuts  of  the  crude  phenol.  Both  D-86  and  TBP  distilla¬ 
tions  have  been  used  for  this  purpose.  First,  D-86  distillation 
fractions  have  been  subjected  to  elemental  analyses  in  order  to 
provide  a  qualitative  indication  of  the  types  of  compounds  present 
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as  a  function  of  boiling  point.  As  can  be  seen  from  Table  C-7, 
the  nitrogen  content  tends  to  increase  with  boiling  point  while 
hydrogen  and  oxygen  drop  off  slightly  before  increasing.  However, 
all  fractions  of  the  crude  phenol  contain  significant  quantities 
of  oxygen,  as  would  be  expected  for  this  stream.  Oxygen  and 
hydrogen  contents  are  markedly  lower  in  the  residue.  Carbon  con¬ 
tent  holds  fairly  constant,  then  declines  between  60  percent  and 
94  percent  distilled,  but  spikes  upward  in  the  residue,  possibly 
as  a  result  of  regressive  reactions  taking  place  (i.e. 
decarboxylation  and  polymerization). 

UNDEMRC  also  performed  a  rigorous  analyses  of  TBP  fractions  cut 
from  the  crude  phenol.  A  total  of  nine  fractions  were  collected 
and  analyzed  using  GC/MS  and  proton  NMR.  These  fractions,  and  the 
quantity  of  material  contained  in  each  fraction  is  described  in 
Figure  B-5.  The  information  in  Tables  C-8  and  C-9  provide  an 
indication  of  the  functional  groups  present  in  the  whole  crude 
phenol  and  crude  phenol  fractions,  respectively.  GC/MS  analyses 
presented  in  Table  10  provides  a  further  indication  of  where 
various  compounds  are  concentrated.  For  example,  Fraction  1  con¬ 
tains  mostly  aniline,  phenol,  and  some  cresols.  It  also  contains 
guaiacol,  naphthalene,  and  several  xylenol  isomers,  some  in 
greater  concentrations  than  several  of  the  higher  boiling  frac¬ 
tions  as  a  result  of  co-distillation  with  water  in  Fraction  1. 
Phenol  is  concentrated  primarily  in  Fraction  3  ( 355°F-356°F)  fol¬ 
lowed  by  Fractions  4  and  5  while  the  cresols  tend  to  concentrate 
in  Fractions  7  and  8.  Such  information  can  be  helpful  in  deter¬ 
mining  where  the  crude  phenol  should  be  cut  prior  to  any  down¬ 
stream  processing. 

Lastly,  WRI  has  also  performed  a  flash  distillation  of  the  crude 
phenol  to  prepare  450°F~  and  450°F+  material  for  further  upgrading 
experiments.  The  information  collected  for  these  fractions  is 
summarized  in  Table  C— 11,  while  Figure  B-6  illustrates  the  result¬ 
ing  distillation  curves  for  the  450°F“  and  450°F-*-  fractions. 


Tar  oil  is  probably  the  most  important  of  the  GPGP  by-product 
liquids  since  it  represents  the  largest  by-product  stream.  The 
tar  oil  also  appears  to  be  the  most  amenable  to  jet  fuel  produc¬ 
tion,  while  containing  many  potentially  valuable  compounds.  Con¬ 
versely,  this  material  also  poses  some  potentially  troublesome 
processing  problems  due  to  the  presence  of  heterocyclic  and  poly¬ 
cyclic  compounds  as  well  as  solids  carried  over  from  the  Lurgi 
gasifier.  As  a  consequence,  this  stream  has  been  subjected  to 
more  numerous  and  more  detailed  analyses  than  either  the  naphtha 
or  crude  phenol  streams. 

Statistical  review  of  analytical  data  for  the  tar  oil  stream  pre¬ 
sented  in  Table  6  indicates  that  many  of  the  commonly  measured 
properties  agree  reasonably  well  over  the  entire  1985-1987  data 
base.  The  major  exceptions  to  the  statistical  agreement  involve 
viscosity,  oxygen  content,  and  GC  component  analyses.  Examination 
of  the  statistical  averages  focusing  only  on  that  data  of  a  more 
recent  origin  (12/1/86  -  12/31/87)  yields  similar  agreement  as 
illustrated  in  Table  7. 

Subsequent  comparison  of  the  statistical  averages  in  Tables  6  and 
7  reveals  some  differences  in  properties  have  occurred  over  time, 
primarily  in  viscosity  and  elemental  analyses.  While  the  varia¬ 
tion  in  viscosity  is  expected  because  of  the  relative  lack  of 
data,  the  difference  in  elemental  analyses  is  not  readily 
explained.  One  possibility  results  from  the  observation  that  the 
initial  20  vol  percent  of  the  tar  oil  appears  to  exhibit  a  trend 
toward  lower  boiling  points  over  time.  If  some  lighter,  more 
hydrogen-rich  material  is  being  retained  in  the  tar  oil,  then  the 
H/C  ratio  would  indeed  increase.  Another  factor  affecting  both 
H/C  ratio  and  viscosity  may  be  thermal  degradation,  although  that 
is  not  clear  from  the  available  information  on  sample  handling. 
However,  it  has  been  observed  that  the  tar  oil  can  polymerize  and 


degrade  during  D-86  distillations.  Consequently,  it  is  possible 
that  the  tar  oil  analyses  may  be  affected  by  the  thermal  history 
of  a  particular  sample  prior  to  testing.  It  is  also  possible  that 
the  presence  of  water  and  cresylic  acids  in  the  tar  oil  is  inter¬ 
fering  with  0/N/S  analysis.  Overall,  the  more  recent  data  should 
be  chosen  since  it  is  representative  of  current  operations. 

Analyses  of  the  D-86  distillation  data  presented  in  Tables  6  and  7 
indicate  that  the  distillation  results  show  surprising  agreement 
considering  the  degree  of  variation  exhibited  by  several  of  the 
sample '.  Review  of  the  1985-87  and  1986-87  data  base  reveals  that 
the  range  of  data  reported  varies  by  as  much  as  150°F-175°F.  How¬ 
ever,  general  inspection  of  the  D-86  data  indicate  that  most  dis¬ 
tillation  data  are  clustered  in  a  relatively  narrow  band.  When 
combined  with  the  affect  of  the  large  sample  population  for  most 
of  the  D-86  data,  the  statistical  average  and  95  percent  con¬ 
fidence  interval  become  insensitive  to  these  few  "outlayers". 

As  illustrated  in  Figures  11  and  12,  the  average  D-86  distillation 
predicted  from  the  collected  data  exhibits  a  tight  95  percent  con¬ 
fidence  interval.  In  fact,  the  95  percent  confidence  level  is 
generally  within  +5  percent  of  the  average.  The  main  exception  to 
this  is  the  first  10  percent  and  final  10  percent  of  the  tar  oil. 
For  one  thing,  there  is  relatively  little  D-86  data  available 
defining  the  last  10  percent  of  the  tar  oil.  Observations  by  both 
WRI32  and  UNDEMRC23  that  the  tar  oil  is  thermally  unstable  explain 
why  the  D-86  procedure  results  in  poor  definition  of  the  back  end 
of  the  tar  oil.  It  is  also  important  to  note  that  water  present 
in  the  tar  oil  can  interfere  with  analyses.  In  particular,  WRI32 
observed  that  water  caused  frothing,  resulting  in  a  high  IBP 
measurement.  Changes  in  technique  heiped  mitigate  this  problem 
during  subsequent  operations. 

Review  of  statistical  analyses  data  indicates  that  the  standard 
deviation  jumps  from  -27°F  for  50  percent  distilled  to  48°F  at  70 


percent  distilled  thus  indicating  that  the  data  is  showing  much 
more  variance  over  the  last  20  to  30  LV  percent  of  the  tar  oil. 
This  observation  has  led  several  program  participants  to  utilize 
distillation  procedures  which  are  specifically  applicable  to  heavy 
hydrocarbon  streams  such  as  tar  oil.  Amoco,  WRI,  UNDEMRC,  and  DOD 
have  performed  ASTM  D— 1 1 60  vacuum  distillation  and  D-2887  GC  dis¬ 
tillation  on  a  number  of  tar  oil  samples.  Although  there  are 
significantly  fewer  D— 1 1 60  and  D-2887  measurements  available  com¬ 
pared  to  the  D-86  results,  there  are  sufficient  analyses  to  permit 
comparison  of  all  three  methods.  First,  the  D-1160  and  D-2887 
data  were  analyzed  statistically.  Results  presented  in  Table  8 
indicate  that  while  the  D-1160  data  appear  to  vary  markedly,  the 
D-2887  data  agree  quite  well.  However,  the  D-1160  results  are 
significantly  affected  by  the  May  1985  Chromaspec  analyses,  while 
the  other  three  measurements  are  much  more  recent.  It  is  possible 
that  the  Chromaspec  analyses  reflects  a  real  physical  difference 
in  the  tar  oil,  an  analytical  error,  or  some  other  adjustment  that 
has  not  been  clearly  identified.  In  any  event,  the  Amoco  and 
UNDEMRC  data  exhibit  far  better  agreement  once  the  Chromaspec  data 
is  dropped.  Also,  the  low  number  of  data  points  for  the  D-1160 
and  D-2887  distillations  tends  to  result  in  a  much  higher  level  of 
statistical  sensitivity  than  for  the  D-86  results. 

The  averaged  D-2887  data  were  used  as  a  basis  for  comparison.  The 
D-86  and  D-1160  results  were  then  converted  to  a  TBP  distillation 
using  standard  procedures  and  compared  to  the  D-2887  distillation. 
Comparison  of  the  D-86,  D-1160,  and  D-2887  data  presented  in 
Figure  12  indicate  that  the  converted  D-86  data  agrees  quite  well 
with  the  D-2887  data  up  to  about  70  percent  distilled  at  which 
point  the  D-86  data  falls  apart.  Similar  inspection  of  the  D-1160 
and  D-2887  data  reveal  the  D-1160  consistently  underpredicts  the 
D-2887  and  D-86  results.  Therefore,  the  D-2887  distillation 
appears  to  be  the  preferred  method  for  characterizing  the  entire 
tar  oil  stream.  The  D-86  is  adequate  for  characterizing  only  the 
first  50-70  percent  of  the  stream,  while  the  D-1160  data  requires 


23 


r 


t 


a  closer  review  to  determine  why  it  underpredicts  D-86  and  D-2887 
I  measurement. 

Several  miscellaneous  distillation  analyses  have  been  conducted 
,  that  are  not  directly  comparable  to  the  data  discussed  previously. 

For  the  most  part,  these  data  are  aimed  particularly  at  developing 
data  and  samples  for  subsequent  processing  tests.  UNDEMRC  has 
performed  a  simulated  GC  distillation  (Table  C-12)  which  reports 

■  the  results  in  area  percent,  not  weight  or  volume  percent. 

,  Appropriate  response  factors  must  be  applied  to  convert  this 

information  to  either  basis,  a  need  which  is  highlighted  by  the 
comparison  of  the  UNDEMRC  simulated  GC  data  and  the  average  D-2887 
data  in  Figure  25. 

The  University  of  Utah,  Amoco  and  WRI  have  distilled  the  tar  oil 
into  several  fractions  and  analyzed  each  fraction.  These  data  are 
presented  in  Tables  C- 13,  C-14,  and  C-15,  respectively.  The  WRI 
data  also  includes  analyses  of  a  caustic-extracted  tar  oil  sample, 
for  which  the  D-2887  distillation  is  presented  by  Figure  B-7.  The 
University  of  Utah  basically  separated  the  fractions  at  200°C 
(392°f)  whereas  WRI  separated  the  tar  oil  at  450°F  and  750°F,  thus 
making  comparison  difficult.  However,  a  look  at  the  liquid 
chromatography  and  MS  analyses  from  the  University  of  Utah  did 
identify  a  significant  quantity  of  aliphatics  in  the  200°C“ 
portion,  and  that  both  fractions  contain  significant  amounts  of 

■  hydroxyaromatics.  The  analyses  also  confirmed  the  higher  concen¬ 
tration  of  polycyclic  aromatic  hydrocarbons  and  heterocyclics  in 
the  higher  boiler  range  material. 

As  previously  mentioned,  WRI  performed  a  caustic  extraction  on  the 
tar  oil  in  order  to  prepare  material  for  hydrotreating  tests. 
Although  intent  here  was  to  reduce  the  oxygen  content  of  the  feed- 
.  stock  and  thus  reduce  hydrogen  consumption,  this  procedure  can 

also  recover  potentially  valuable  cresylic  acids  for  sale.  The 
value  of  this  approach  is  suggested  by  results  from  general  com- 
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ponent  analyses.  These  results,  presented  in  Tables  6  and  7,  have 
identified  between  1.3-3. 8  percent  phenol,  3. 1-8.1  percent  cresol, 
and  2. 4-5. 8  percent  xylenol  in  the  tar  oil.  The  possibility  that 
the  tar  oil  front  end  may  contain  cresylic  acids  is  qualitatively 
verified  by  results  of  elemental  analyses  of  D-86  fractions  per¬ 
formed  by  UNDEMRC.  It  can  be  seen  from  the  data  presented  in 
Table  C— 1 6  that  the  oxygen  tends  to  concentrate  in  the  347°F-430°F 
fractions,  which  is  fairly  close  to  the  boiling  range  for  the 
cresylic  acids  ( 356°F-446°F) .  Furthermore,  recent  seasonal 
analyses  by  ANGZS  indicates  that  the  phenol  acid  portion  of  the 
tar  oil  (obtained  by  neutral  oil  and  tar  base  extraction)  contains 
9.5  percent  phenol,  7.5  percent  o-cresol,  18.1  percent  m-and  p- 
cresol,  9.0  percent  2,4  and  2.5  xylenol,  2.5  percent  2,3  and  2.6 
xylenol,  13.8  percent  3,5  xylenol/ethyl  phenols,  and  1.7  percent 
guaiacol.  These  analyses  have  also  indicated  naphthalene  may  be 
present  in  concentrations  ranging  between  3.9-15.2  percent. 
According  to  J.  Sinor,1*1  naphthalene  concentrations  of  10  percent 
or  higher  could  potentially  justify  recovery  of  naphthalene  for 
sale  as  well  as  the  cresylics. 

As  was  the  case  with  the  Rectisol  naphtha  and  crude  phenol  streams 
UNDEMRC  has  also  performed  detailed  analyses  of  the  tar  oil  using 
GC  and  GC/MS  techniques,  proton  NMR  analyses,  and  short-column 
chromatography.  For  example,  the  GC-FID  data  presented  in 
Figure  B-8  illustrate  the  multitude  of  compounds  that  are  present 
in  the  tar  oil  while  Table  C-17  lists  those  compounds  which  have 
been  identified.  Although  these  data  are  reported  in  area  percent 
and  not  weight  percent,  useful  observations  can  be  made  regarding 
relative  concentrations  of  particular  components.  For  example, 
about  13  area  percent  of  the  tar  oil  is  comprised  of  phenol, 
cresol,  and  xy lends,  while  another  13  area  percent  is  toluene  and 
xylene  isomers.  Another  8.5  area  percent  is  naphthalenes,  while 
approximately  13.4  area  percent  represents  naphthalene  isomers. 
Compounds  such  as  acenaphthalene,  biphenyl,  fluorene,  and  pyrene 
have  also  been  identified  as  have  phenanthrene,  various  benzo- 
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furans,  and  aliphatics.  This  information  is  further  supplemented 
by  results  of  GC/MS,  liquid-liquid  extraction,  and  elution 
chromatography  performed  by  WRI  and  presented  in  Tables  C-18  and 
C— 1 9 -  Comparison  of  results  from  liquid-liquid  extractions  by  WRI 
and  UNDEMRC  indicate  that  the  tar  oil  acids  comprise  between  20 
and  28  wt  percent  of  the  total  stream.  Even  though  UNDEMRC  has 
reported  only  79  percent  closure  for  their  extraction,  the  tar 
acids  would  still  represent  about  22  percent  of  the  tar  oil  even 
if  the  balance  of  material  represented  neutral  oil  and  tar  bases. 
Comparison  of  this  information  to  ANG  GC  component  analyses 
suggests  that  while  the  cresylic  acid  content  of  the  tar  oil  acids 
is  quite  variable,  and  may  range  between  7  and  18  wt  percent,  it 
appears  that  most  analyses  lie  between  7-10  percent.  Con¬ 
sequently,  it  is  concluded  that  the  tar  acids  contain  compounds 
other  than  phenol,  cresols,  and  xylenols,  a  point  verified  by 
identification  of  naphthols  and  ethylphenols  in  the  tar  oil  acids. 

Basic  nitrogen-containing  compounds  have  been  identified  as  well, 
using  acid-base  extraction  followed  by  GC/MS  analyses.  As 
mentioned  previously  only  79  percent  closure  was  obtained  for  the 
extraction  and  thus  the  data  should  be  viewed  as  more  of  a 
qualitative,  rather  than  a  quantitative  measurement  of  the  types 
of  compounds  present.  Furthermore,  the  tar  oil  bases  represent 
only  2.5  wt  percent  of  the  total  tar  oil.  However,  well  over  200 
components  were  identified  by  the  GC/MS  and  are  listed  in  Table  3 
of  UNDEMRC* s  May  17,  1986  -  August  16,  1987  Quarterly  Technical 
Progress  Report.  As  an  illustration  of  the  complex  nature  of  this 
fraction,  35  isomers  of  both  pyridine  and  quinoline  were  firmly 
identified  along  with  9  aniline  isomers.  Results  of  the  GC/MS 
analysis  as  well  as  proton-NMR  analyses  are  discussed  in  detail  in 
the  May  17,  1987  -August  16,  1987  UNDEKRC  Quarterly  Technical 
Progress  Report. 

It  has  been  observed  that  the  tar  oil  contains  solids  that 
potentially  can  result  in  downstream  processing  problems. 


26 


Laboratory  characterization  data  suggests  it  can  range  between 
0.01  and  0.1  wt  percent  of  the  tar  oil,  although  Amoco  has 
measured  as  much  as  0.25  wt  percent.  WRI  has  experienced  plugging 
of  their  reactor  bed  during  upgrading  tests  and  reports  that  the 
solids  found  in  the  reactor  are  representative  of  solids  filtered 
from  the  feed.  WRI  observed  that  the  solids  are  similar  to  that 
found  in  the  earth's  crust,  and  concluded  that  this  material  is 
probably  from  the  coal  ash.32  Amoco's  analysis  indicates  the 
particulates  are  fairly  evenly  spread  between  4.7  to  19  microns. 

9.  CONCLUSIONS 


This  review  and  analysis  of  the  GPGP  liquid  by-product  data  has  identi¬ 
fied  a  number  of  significant  trends  leading  to  the  following 
conclusions: 

o  For  tar  oil,  ASTM  D-2887  distillation  provides  the  most  con¬ 

sistently  reliable  means  of  characterizing  the  entire  boiling 
range  of  material  -  provided  the  appropriate  standards  are  used. 

o  ASTM  D-86  distillation  procedure  appear  adequate  for  characteriz¬ 
ing  the  first  95  percent  of  the  naphtha  and  crude  phenol  streams 
and  the  first  80  percent  of  the  tar  oil. 

o  Thermal  instability  of  the  tar  oil  precludes  use  of  the  D-86  pro¬ 

cedure  beyond  80  percent  recovery  (600-650°F)  and  may  possibly 
result  in  substantial  variations  in  stream  properties 
(i.e,  viscosity)  with  time. 

o  Specific  gravity,  elemental  composition,  and  heating  value  data 

appear  fairly  reliable  although  heteroatoms  (0,N,S)  exhibit  some¬ 
what  more  variability,  possibly  due  to  water  contained  in  samples 
or  difficulty  inherent  in  taking  differences  between  small  numbers 
(i.e.,  round-off). 
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o  Water  content,  tar  oil  Conradson  carbon,  and  GC  component  analyses 
are  generally  reliable  with  the  exception  of  phenol  and  tar  oil 
BTX/Lt  Aromatics,  methoxyphenol ,  diol-  and  naphthalene-isomer 
analyses. 

o  Naphtha  aromatics  content  appears  to  be  reliably  predicted  by  PONA 
and  GC  component  analyses.  However,  Paraffin/Olefin/Naphthene 
measurements  vary  significantly. 

o  General  reliability  of  PONA  analyses  is  weakened  by  infrequent 
testing,  resulting  in  few  data  points  separated  by  long  periods  of 
time. 

o  Crude  phenol  and  tar  oil  viscosity  data  are  highly  variable  with 
exception  of  tar  oil  viscosity  at  150°F. 

o  Although  naphtha  RVP  appears  to  be  reliable,  data  has  not  been 
collected  since  early  1986  and  may  not  be  representative. 

o  Naphtha  produced  through  July  1985  differs  from  that  produced  sub¬ 
sequently  as  evidenced  by  consistent  differences  in  RVP  and  D-86 
IBP-30  percent  characterization. 

Finally,  analysis  of  data  collected  before  and  after  1985  generally 
show  little  change  with  the  exception  of  the  naphtha  and  the  tar  oil 
cresylic  acid  concentrations.  Also,  the  D- 1 1 60  tar  oil  distillation 
conducted  by  Chromaspec  in  1985  differs  markedly  from  more  recent  work¬ 
ups  by  UNDEMRC  and  Amoco.  With  exception  of  the  Rectisol  naphtha,  it 
is  likely  that  variations  from  continuing  improvement  of  the  analytical 
procedures  is  as  important  a  cause  of  variability  as  any  operational 
changes.  Even  in  the  case  of  the  naphtha,  handling  procedures  can 
significantly  affect  properties  through  the  partial  or  complete  loss  of 
volatile  compounds. 
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10.  RECOMMENDATIONS 


Overall,  distillation,  specific  gravity,  elemental  composition,  heating 
value,  water  content,  tar  oil  Conradson  carbon,  and  some  GC  component 
analysis  appear  to  be  reliable  and  can  be  utilized  for  process  design, 
setting  pilot  plant  operating  conditions,  and  detailed  equipment 
design.  These  are  further  supplemented  by  flash  separation,  GC-MS, 
proton-  and  C13-NMR,  and  short  column  chromatography  analyses  conducted 
by  WRI ,  UNDEMRC,  Amoco,  and  others.  Certain  other  data  such  methoxy- 
phenols  and  diol-isomers,  GC  components  analyses,  and  naphtha  PONA  are 
necessary  for  determining  marketability  and  product  value  yet  to 
establish  a  confident  estimate  for  these  purposes.  It  is  up  to  the 
program  participants  to  exercise  proper  judgement  in  utilizing  these 
data.  Since  participants'  understanding  of  these  analytical  procedures 
has  improved  and  limitations  identified  as  the  program  has  proceeded, 
so  has  its'  reliability.  Consequently,  it  is  recommended  that  the  more 
recent  data  be  used  if  a  choice  must  be  made.  In  any  event,  the  data 
contained  in  this  report  should  al lev:  the  user  to  evaluate  particular 
data  in  the  proper  context. 

Lastly,  future  characterization  efforts  should  focus  on  acquiring  a 
more  consistent  set  of  viscosity  data,  particularly  at  higher  tempera¬ 
tures  and  also  as  a  function  of  time  and  temperature.  This  is  parti¬ 
cularly  important  for  the  tar  oil  as  it  is  thermally  unstable  and  may 
have  to  be  subjected  to  limits  on  storage  temperature  and/or  time  to 
minimize  regressive  reactions.  Currently  ongoing  Amoco  analytical 
studies  should  clarify  whether  or  not  this  is  a  problem,  and  if  so, 
what  limitations  must  be  observed.  Naphtha  PONA  and  RVP  analyses  would 
also  benefit  by  further  efforts,  particularly  before-  and  after- 
treating.  Better  definition  of  the  quantities  of  methoxyphenols  and 
diol-isomers  is  needed  for  the  crude  phenol  and  for  the  cresylic  acid 
portion  of  the  tar  oil.  Efforts  by  UNDEMRC,  ANG,  and  HRI  to  quantify 
the  crude  phenol  components  as  well  as  the  products  of  HRI's  Dynaphen 
process  should  provide  valuable  data  in  this  area. 
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Figure  1.  Average  D-86  Rectisol  Naphtha 
Distillation. 

(includes  all  1985-87  data) 
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NO./16.358 


e  2.  Rectisoi  Naphtha  Boiling  Point  History. 
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Figure  3.  D-86  Rectisol  Naphtha  Distillation 
(excluding  1985  Data). 
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NO./16.360 


Figure  4.  Comparison  of  Amoco  D-86 

for  Raw-  and  Caustic-Extracted 
Rectisol  Naphtha. 
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NO./16.361 


TEMPERATURE, 


350 


Figure  5.  Comparison  of  Average  and  WRI 
Rectisol  Naphtha  Distillation. 
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Figure  6.  Crude  Phenol  D-86  Distillation, 
(including  1985  data) 
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(excluding  1985  Data). 
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••  *,\r 


I _ I  I  1  I  «  I  1  I  ■  I 

0  20  40  60  80  100 

LV  %  OFF 

Figure  9.  WRI  D-2887  Analysis  of  Crude 
Phenol  450°F  Flash  Separation 
Fractions. 
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NO.n6.366 


TEMPERATURE 


Figure  10.  Average  D-86  Tar  Oil  Distillation 
(including  1985  data) 
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NO,  16. 367 


TEMPERATURE, 


Figure  11.  D-86  Tar  Oil  Distillation 

excluding  1985  Data. 


TEMPERATURE, °F 


950 


Figure  12.  Comparison  of  D-86,  D-2887,  and 
D-1160  Tar  Oil  Distillation  Data. 
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NO./16.369 


Figure  13.  Comparison  of  D-2887  Tar  Oil 
Distillation  to  UNDEMRC  GCD. 
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Table  1. 

Statistical  Analyses  of  QPQP  Rectisol  Naphtha  Characterization  Data 


saiple 

95Z 

95X 

Range  of 

size 

AVERA6E 

Confidence 

Confidence 

Reported  Data 

Lint 

Liait 

MIN 

MAX 

Distillation 

LV  I 

(deg  F) 

(+•/-) 

(X  of  tean) 

(ASTM  D-86) 

IBP 

16 

114 

7 

6.4 

100 

147 

5 

9 

143 

11 

7.5 

117 

170 

10 

17 

141 

8 

6.0 

118 

174 

20 

14 

156 

8 

4.8 

138 

180 

30 

17 

167 

5 

2.8 

150 

186 

50 

17 

183 

? 

J 

i  i 

170 

197 

70 

15 

202 

3 

1.6 

190 

214 

B0 

15 

220 

6 

2.6 

210 

244 

90 

16 

247 

5 

2.2 

232 

270 

95 

14 

281 

11 

4.0 

244 

335 

99 

1 

331 

0 

0.0 

331 

331 

X 

REC 

11 

98 

0.9 

0.9 

94 

99.5 

Specific  Gravity  60/60  F 

18 

0.325 

0.004 

0.5 

0.806 

0.843 

API 

18 

40.0 

0.8 

2.0 

36.4 

44.0 

Vapor  Pressure 

RVP 

7 

8.3 

2.4 

28.8 

3.9 

11.0 

Heating  Value(HHV) 

Btu/lb 

13 

17033 

166 

1.0 

16420 

17500 

Hater  Content 

m 

14 

0.52 

0.11 

2i. e 

0.20 

0.80 

Elemental  Analysis  HtX-Dry 

C 

14 

85.8 

0.9 

i.i 

63.8 

89.8 

H 

14 

9.4 

0.4 

4.5 

8.2 

11.0 

(By  Difference)  0 

14 

3.1 

0.8 

26.2 

0.1 

5.4 

N 

14 

0.3 

0.1 

41.3 

0.1 

0.B 

S 

14 

1.3 

0.3 

I'M 

0.5 

2.3 

- 

Sue 

14 

99.9 

0.1 

0.1 

99.0 

100.0 

Atone  H/C  Ratio 

14 

1.32 

0.07 

4,9 

1.14 

1.56 

PONA 

LVX 

-Paraffins 

4 

14.8 

7.4 

49.9 

8.4 

21.5 

-Olefins 

3 

10.7 

12.1 

112.4 

4.1 

15.6 

-Naphthenes 

4 

11.9 

6.4 

53.6 

5.4 

16.1 

-Aroeatics 

4 

63.3 

3.4 

5.3 

60.0 

65.5 

Component  Analysis 

HtX 

Methanol 

14 

2.0 

0.8 

37.4 

0.3 

5.9 

Acetone 

13 

5.6 

1.1 

19.7 

3.2 

9.1 

MEK 

13 

3.2 

0.7 

21.7 

1.8 

5.0 

Benzene 

9 

42.4 

3.0 

7.2 

37.3 

50.3 

Toluene 

9 

15.9 

1.5 

9.7 

13.9 

20.5 

Xylene 

9 

3.6 

0.7 

19.9 

2.4 

6.0 

Ethyl  Benzene 

1 

0.9 

tmmut 

0.9 

0.9 

Phenolics 

1 

4.7 

HHHKH 

4.7 

4.7 

Total  BTX 

9 

61.9 

5.0 

8.1 

54.5 

76. B 
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Table  2. 

Statistical  Analysis  of  GPGP  Rsctlsol  Naphtha  Characterization  Data 
(excluding  data  through  7/19/85) 


saaple 

957 

951 

Range  of 

size 

AVERA6E 

Confidence 

Confidence 

Reported  Data 

(deg  FI 

Lint 

Li  ait 

H1N 

MAX 

Distillation 

LV  X 

(+/-) 

(  1  ) 

(ASTH  D-86) 

IBP 

12 

107 

4 

3.6 

100 

118 

5 

6 

137 

11 

8.3 

117 

149 

10 

13 

136 

9 

6.3 

118 

162 

20 

11 

153 

8 

5.2 

138 

171 

JO 

13 

165 

5 

3.0 

150 

178 

50 

13 

181 

3 

1.7 

170 

189 

70 

11 

200 

4 

1.8 

190 

212 

80 

11 

218 

6 

2.7 

210 

243 

?0 

12 

245 

6 

2.4 

232 

270 

95 

10 

278 

16 

5.7 

244 

335 

99 

0 

— 

n.a. 

n.a. 

— 

1 

REC 

9 

98 

i.i 

i.i 

94 

99.5 

Specific  gravity  40/60  F 

14 

0.823 

0.004 

0.4 

0.B06 

0.B32 

API 

14 

40.5 

0.8 

1.9 

38.6 

44.0 

Vapor  Pressure 

RVP 

5 

9.8 

1.2 

12.4 

B.O 

11.0 

Heating  Value(HHV) 

Btu/lb 

9 

17048 

159 

0.9 

16500 

17200 

Hater  Content 

wtr. 

10 

0.61 

0.09 

14.3 

0.40 

0.80 

Elemental  Analysis  Nt7.-Dry 

C 

12 

85.4 

0.7 

0.9 

83.8 

87.6 

H 

12 

9.4 

0,5 

5,2 

8.2 

11.0 

(By  Difference)  0 

12 

3.5 

0.8 

21.6 

1.0 

5.4 

N 

12 

0.3 

0,1 

44.5 

0.1 

0.8 

S 

12 

1.4 

0.3 

21.3 

0.5 

2.3 

5u« 

12 

99.9 

0.2 

0.2 

«9.0 

100.0 

Atoaic  H/C  Ratio 

12 

1.32 

0.07 

5,6 

1.14 

1.56 

PONA 

LVZ 

-Paraffins 

A. 

11.7 

29.6 

253.4 

8.4 

15.0 

-Olefins 

2 

14.1 

13.9 

99.1 

12.5 

15.6 

-Naphthenes 

2 

8.8 

"30.1 

344,0 

5.4 

12.1 

-Aroaatics 

2 

62.0 

17.5 

28.3 

60.0 

63.9 

Coaponent  Analysis 

MtZ 

Nethanol 

12 

1.8 

0.4 

23.1 

0.3 

3.0 

Acetone 

11 

5.4 

1.2 

22.1 

3.2 

9.1 

NEK 

11 

•3.1 

-  0.7 

22.7 

l.B 

5.0 

Benzene 

8 

41.4 

2.5 

6.0 

37.3 

46.2 

Toluene 

9 

15.4 

1.1 

7.0 

13.9 

18.0 

lylene 

8 

3.3 

0.3 

9.2 

2.4 

3.6 

Ethyl  Benzene 

1 

0.9 

n»4. 

n.a. 

0.9 

0.9 

Phenol ics 

0 

— 

— 

— 

Total  BTX 

S 

60.0 

3.4 

50  5.7 

54,5 

67.2 

Table  3. 

Statistical  Analyses  of  G PGP  Rectlsol  Naphtha  Characterization  Data 

(excluding  1985  data) 


saaple 

957 

957. 

Range  of 

sire 

AVERAGE 

Confidence 

Confidence 

Reported  Data 

(deg  F) 

Liait 

Liait 

MIN 

MAI 

Distillation 

IV  l 

(*/-) 

(  I  ) 

(ASTM  D-861 

IBP 

3 

110 

4 

4.1 

102 

118 

5 

5 

141 

9 

6.1 

131 

149 

10 

8 

145 

9 

6.1 

134 

162 

20 

7 

160 

8 

4.9 

149 

171 

30 

8 

170 

4 

2.5 

162 

178 

50 

8 

185 

2 

1.1 

182 

189 

70 

7 

201 

3 

1.3 

198 

207 

80 

7 

216 

4 

1.7 

210 

221 

90 

7 

248 

10 

3.9 

236 

270 

95 

5 

291 

28 

9.7 

270 

335 

99 

0 

n.a. 

n.a. 

n.a. 

—  “* * 

— 

l  REC 

J 

98 

1.6 

1.7 

97 

99.5 

Specific  Gravity 

60/60  F 

9 

0.824 

0.004 

0.5 

0.816 

0.832 

API 

9 

40.3 

0.8 

2.1 

38.6 

42.0 

Vapor  Pressure 

"VP 

0 

n.a. 

n.a. 

n.a. 

.... 

.... 

Heating  ValuelHHV) 

Btu/Ib 

5 

16946 

284 

1.7 

16500 

17130 

Hater  Content 

HtX 

5 

0.54 

0.13 

23.4 

0.40 

0.70 

Elemental  Analysis 

NtT.-Dry 

C 

7 

84.6 

0.5 

0.6 

83. 8 

85.4 

H 

7 

9.7 

0.7 

6.8 

8.7 

11.0 

(By  Difference)  0 

7 

4.1 

0.8 

18.9 

2.9 

5.4 

N 

7 

0.3 

0.2 

73.4 

0.1 

0.8 

s 

7 

1.2 

0.4 

34.5 

0.5 

1.8 

Su» 

7 

99.9 

0.3 

0.3 

99.0 

100.0 

Atoaic  H/C  Ratio 

7 

1.37 

0.10 

7.0 

1.23 

1.56 

PONA 

LVX 

-Paraffins 

T 

4. 

11.7 

29.6 

253.4 

8.4 

15.0 

-Olefins 

*1 

L 

14,1 

13.9 

99.1 

12.5 

15.6 

-Naphthenes 

2 

3.8 

30.1 

344.0 

5.4 

12.1 

-Aroaatics 

2 

62.0 

17.5 

28.3 

60.0 

63.9 

Component  Analysis 

m 

Methanol 

7 

1.6 

0.6 

39.7 

0.3 

2.5 

Acetone 

6 

5.9 

2.1 

35.9 

3.2 

9,1 

HEX 

6 

3.1 

1.1 

36.7 

1.8 

4.6 

Benzene 

7 

42.0 

2.5 

6.0 

39.0 

46.2 

Toluene 

7 

15.6 

1.2 

7.4 

13.9 

18.0 

lylene 

7 

3.3 

0.4 

10.9 

2.4 

3.6 

Ethyl  Benzene 

l 

0.9 

HHimn 

0.9 

0.9 

Phenol ics 

0 

n.a. 

n.a. 

n.a. 

Total  BTX 

7 

60.8 

3.5 

5,7 

.57.2 

67.2 
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Table  4. 

Statistical  Analysis  of  QPQP  Crude  Phenol  Characterization  Data 


saaple 

957 

957 

Range  of 

size 

AVERAGE 

Confidence 

Confidence 

Reported  Data 

(deg  F) 

Liait 

Liait 

MIN 

MAX 

Distillation 

LV  7 

(+/-) 

(  7  ) 

(ASTH  0-86) 

IBP 

16 

206 

16 

7.6 

170 

311 

5 

5 

222 

24 

10.7 

205 

258 

10 

16 

349 

15 

4.3 

267 

374 

20 

16 

373 

3 

0.7 

365 

381 

30 

16 

378 

n 

L 

0.7 

367 

384 

50 

16 

390 

T 

•J 

0.8 

375 

400 

70 

16 

424 

9 

2.2 

390 

466 

C  ) 

16 

463 

14 

3.0 

392 

520 

90 

16 

512 

17 

3.3 

457 

600 

95 

5 

533 

27 

5.0 

509 

571 

99 

1 

592 

0 

0.0 

592 

592 

I  REC 

13 

93 

1 

1.4 

90 

96 

Specific  Gravity  60/60  F 

IB 

1.067 

0.003 

0.305 

1.056 

1.080 

API 

18 

1.1 

0.4 

36.6 

-0.5 

2.5 

Vapor  Pressure 

RVP 

0 

— 

— 

— 

— - 

Heating  Value(HHV) 

Btu/lb 

10 

14057 

354 

2.5 

13520 

14720 

Hater  Content 

NtX 

17 

4.4 

0.6 

13.8 

1.9 

5.5 

Elemental  Analysis  Ntl-Dry 

c 

15 

77.4 

1.1 

1.4 

75.2 

82.4 

H 

15 

7.5 

0.3 

4.2 

6.5 

8.7 

(By  Difference)  0 

15 

14.5 

1.1 

7.7 

10.1 

17.1 

N 

15 

0.4 

0.1 

16.4 

0.2 

0.7 

S 

15 

0.1 

0.0 

31.2 

0.0 

0.3 

Sua 

15 

100,0 

0.1 

0.1 

99.6 

100.1 

Ato«ic  H/C  Ratio 

15 

1.2 

0.1 

4,4 

1.0 

1.3 

Viscosity 

-e  BO  F 

sus 

7 

171. B 

156.9 

91.3 

8.4 

530.0 

100  F 

4 

110.7 

194.3 

175.6 

15.6 

320.0 

212  F 

2 

19.5 

94.3 

483.  S 

9.0 

30.0 

-8  100  F 

cSt 

4 

65 

59 

91.0 

8.2 

112 

210  F 

1 

2 

0 

0,0 

1.5 

1.5 

Component  Analysis 

wtx 

BTK/Lt .  Aro»atics 

1 

0.4 

0.0 

0.0 

0.4 

0.4 

Phenols 

7 

30.3 

3.6 

11.8 

23.8 

36.6 

Cresols 

7 

21.6 

2.6 

11.9 

17.0 

25.2 

Nethoxyphenol 

3 

1.2 

0.2 

'  17.5 

1.0 

1.3 

Ethyl  phenol 

5 

2.0 

0.2 

11.3 

1.8 

2.2 

Xylenols 

6 

5.6 

1.6 

29.6 

4.3 

9.0 

Naphthalene 

0 

— 

— 

— 

— 

— 

Diols  isoaers 

3 

1.2 

1.8 

148.3 

0.3 

2.1 

52 


Table  5. 

Comparison  of  QPGP  Crude  Phenol  Analyses  w /  &  w/o  1985  Data 

- .  1985-1987  Data . -  - «  1985  Dati‘ . 

data  AVERAGE  data  AVERAGE 

points  (»/  951  Conf.  lie.)  points  it./  95X  Conf.  li«.) 


Distillation  (  F)  LV  I 


lASTil  D-8A) 

IBP 

16 

206  +/- 

16 

10 

198  ♦/- 

9 

5 

5 

222 

24 

4 

213 

10 

10 

16 

349 

15 

10 

339 

22 

20 

30 

16 

373 

? 

J 

10 

372 

3 

16 

378 

n 

L 

10 

377 

3 

50 

16 

390 

•7 

10 

389 

3 

70 

16 

424 

9 

10 

425 

14 

90 

16 

463 

14 

so 

466 

17 

90 

16 

512 

17 

10 

523 

22 

95 

5 

533 

27 

4 

524 

18 

99 

1 

592 

0 

0 

X 

REC 

13 

93 

1 

8 

93  +/- 

2 

Specific  Gravity 

60/60  F 

API 

18 

18 

1.067  ♦/*  0 
t.l 

1.003 

0.4 

(0 

4  i 

12 

1.065  +/- 
1.4 

0.00 

0.46 

Vapor  Pressure 

RVP 

0 

— 

0 

— 

— 

Heat i nq  Value(HHV) 

Btu/lb 

10 

14057  *!- 

354 

7 

14039  ♦/- 

502 

Mater  Content 

MtX 

17 

4.4  ♦/- 

0.6 

11 

4.4  +/- 

0.9 

Elemental  Analysis 

c 

MtX-Dry 

15 

77.4  ♦/- 

1.1 

12 

76.9  +/- 

0.8 

H 

15 

7.5 

0.3 

12 

7.6 

0.3 

(By  Difference)  0 
H 

15 

15 

14.5 

0,4 

1.1 

0.1 

12 

12 

14.3 

0.4 

1.0 

0.1 

S 

15 

0.1 

0.0 

12 

0.1 

0.0 

Sui 

15 

100.0 

0.1 

12 

100.0 

0.1 

Atoiic  H/C  Ratio 

15 

1.2 

0.1 

12 

1.19  +/- 

0.05 

Viscosity 

-«  80  F 

sus 

7 

171.8  ♦/- 

156.9 

5 

124,3  +/- 

120.5 

100  F 

4 

110.7 

194.3 

1 

15 . 6 

212  F 

2 

19.5 

94.3 

0 

-e  100  F 

cSt 

♦ 

65 

59 

n 

A. 

70.5  ♦/- 

58.8 

210  F 

1 

n 

i. 

0 

0 

Component  Analysis 

MtX 

BTX/Lt.  Aroeatics 
Phenols 

1 

7 

0.4  ♦  /- 
30.3 

0.0 

3.6 

t 

6 

0.4  +/- 
30.0 

•  0.0 
4.3 

?  ft 

Cresols 

Nethoxyphenol 

Ethylphenol 

Xylenols 

7 

•? 

w 

5 

6 

21.6 

1.2 

2.0 

5.6 

2.6 

0.2 

0.2 

1.6 

6 

3 

5 

6 

n 

il .  1 

1.2 

2.0 

5.6 

Lt  0 

0.2 

0.2 

1.6 

Naphthalene 

Dials  isoeers 

0 

3 

1.2 

1.8 

V 

3 

1.2 

1.8 

53 


Table  6. 

Statistical  Analysis  of  GPGP  Tar  Oil  Characterization  Data 


saaple 

95Z 

95Z 

Range  of 

size 

AVERA6E 

Confidence 

Confidence 

Reported  Data 

Lint 

Liait 

MIN 

MAX 

Distillation  (  F) 

LV  l 

<+/-) 

<Z) 

(ASTN  D-86) 

IBP 

24 

199 

14 

7.2 

150 

320 

5 

11 

297 

30 

10.0 

227 

371 

10 

26 

357 

10 

2.7 

258 

388 

20 

26 

401 

6 

1.4 

363 

425 

JO 

26 

432 

1 

1.6 

385 

460 

50 

26 

509 

11 

2.1 

424 

550 

70 

23 

589 

21 

3.6 

480 

655 

30 

20 

627 

24 

3.8 

525 

700 

90 

7 

619 

58 

9.3 

565 

728 

95 

n 

696 

858 

123.4 

600 

791 

99 

t 

824 

o 

0.0 

824 

824 

l  REC 

25 

81 

5 

5.6 

60 

99 

Specific  Gravity 

60/60  F 

23 

1.017 

0.003 

0.29 

0.996 

1.029 

API 

23 

7,7 

0.4 

5.2 

6.0 

10.5 

Viscosity 

sus 

-70  F 

6 

608 

342 

56.2 

260 

1100 

-80  F 

5 

1084 

462 

42.6 

530 

1530 

-100  F 

3 

766 

1700 

221.  B 

79 

1700 

-120  F 

9 

107 

64 

59,7 

53 

320 

•150  F 

4 

66 

8 

12.2 

60 

74 

-175  F 

1 

40 

0 

0.0 

40 

40 

Hater  Content 

m 

20 

2.1 

0.2 

10.1 

1.5 

3.4 

Elemental  Analysis 

i  NtZ-Ory 

C 

17 

86.1 

1.4 

1.7 

82.6 

91.0 

H 

17 

8.8 

0.2 

2.8 

7.7 

9.7 

(By  Difference) 

0 

16 

4.0 

1.3 

33.2 

0.0 

6.9 

N 

19 

0.6 

0.1 

15.6 

0.4 

1.0 

S 

18 

0.5 

0.0 

9.8 

0.3 

0.7 

Sua 

16 

100. 1 

0.1 

0.1 

99.9 

100. B 

Atonic  H/C  Ratio 

17 

1.2 

0.0 

3.7 

1.1 

1.4 

Heating  Value(HHV) 

Btu/lb 

18 

16483.3 

69.2 

0.4 

16200.0 

16900.0 

Gross  Component  Analysis 

m 

BTX/Lt  Aroaatics 

4 

5.1 

3.9 

76.8 

1.8 

7.6 

Phenols 

6 

1.9 

0.9 

47.5 

1.3 

3.8 

Cresols 

6 

4.5 

1.7 

38.9 

3.1 

8.1 

Hethoxyphenols 

2 

0.5 

0.4 

99.8 

0.4 

0.5 

Ethyl  phenol 

6 

1.0 

0.3 

33.0 

0.7 

1.7 

Xylenol 

6 

373 

1.2 

37.2 

2.4 

5,8 

Naphthalene  Isoaers 

3 

7.9 

12.8 

161.2 

3.9 

15.2 

CCR 

HtZ 

6 

3.3 

0.4 

13.4 

2.6 

4.0 

54 


Table  7. 

Statistical  Analysis  of  GPGP  Tar  Oil  Characterization  Data 
(excluding  1985  data) 


saiple 

95  X 

95X 

Range  of 

size 

AVERAGE 

Confidence 

Confidence 

Reported  Data 

Liait 

Liiit 

HIN 

m 

Distillation 

LV  X 

<+/-) 

(Z) 

(ASTN  0-86) 

IBP 

18 

202 

18 

9.0 

166 

320 

5 

8 

300 

36 

12.1 

227 

365 

10 

18 

357 

14 

3.9 

258 

388 

20 

18 

403 

1 

1.7 

381 

425 

JO 

18 

433 

a 

1.8 

405 

460 

50 

18 

510 

10 

2.0 

473 

550 

70 

15 

583 

17 

2.9 

511 

630 

80 

12 

607 

24 

3.9 

541 

670 

90 

6 

620 

61 

9.8 

565 

737 

95 

2 

696 

858 

123.4 

600 

791 

99 

1 

824 

0 

0.0 

824 

824 

X  REC 

17 

79 

7 

8.2 

60 

99 

Specific  Gravity 

60/60  F 

15 

1.018 

0.003 

0.33 

1.007 

1.029 

API 

15 

7.5 

0.5 

6.1 

6.0 

9.0 

Viscosity 

SUS 

-70  F 

3 

920 

316 

34.4 

830 

1100 

-80  F 

5 

1084 

462 

42.6 

530 

1530 

-100  F 

0 

ERR 

ERR 

ERR 

ERR 

ERR 

-120  F 

6 

70 

14 

20.4 

59 

98 

-150  F 

3 

68 

11 

15.5 

65 

74 

-175  F 

0 

ERR 

ERR 

ERR 

ERR 

ERR 

Mater  Content 

NtX 

13 

2.0 

0.3 

14.4 

1.5 

3.4 

Eleiental  Analysis 

,  HtX-Ory 

C 

14 

85.8 

1.6 

1.9 

82.6 

91.0 

H 

14 

8.9 

0.2 

2.7 

8.4 

9.7 

iBy  Difference) 

0 

13 

4.1 

1.5 

35.1 

0.0 

6.6 

N 

14 

0.6 

0.1 

20.0 

0.4 

1.0 

3 

13 

0.5 

0.0 

10.7 

0.3 

0.6 

Su* 

13 

100.1 

0.1 

0.1 

100.0 

100.8 

Atoeic  H/C  Ratio 

14 

1.2 

0.0 

3.7 

1.1 

1.4 

Heating  Value(HHV) 

i  Btu/lb 

11 

16445.5 

-  61.1 

0.4 

16200.0 

16510.0 

Gross  Component  Analysis 

HtX 

BTX/lt  Aroaatics 

3 

4.3 

6.0 

139.0 

1.8 

7.6 

Phenols 

5 

1.5 

0.3 

18.1 

1.3 

1.9 

Cresols 

5 

3.8 

0.6 

15.5 

3.1 

4.4 

Methoxyphenols 

n 

4. 

0.5 

0.4 

99,8 

0.4 

0.5 

Ethyl  phenol 

5 

0.9 

0.2 

19.5 

0.7 

1.1 

Xylenol 

5 

2.8 

0.4 

14.2 

2.4 

3.2 

Naphthalene  Isoaers 

2 

9.6 

50.8 

531.5 

3.9 

15.2 

CCR 

HtZ 

6 

3.3 

0.4 

13.4 

2.6 

4.0 
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Table  8. 

Comparison  of  ASTM  D-1160  &  D-2887  Tar  Oil  Distillation  Data 


■ .  ASTM  D-2887  Tar  Oil  Distillation  Data  - 

»/  Aeoco  6/18/87  data  -  - »/ o  Aeoco  6/18/87  data 


saeple 

952 

saeple 

951 

size 

AVERAGE 

Confidence 

size 

AVERAGE 

Confidence 

(deg  F) 

Li  ait 

(deg  F) 

Li.it 

Distillation 

LV  I 

(+/-)  ( 

:  ) 

<♦/->  ( 

I  ) 

(ASTM  D-06! 

IBP 

5 

216 

18 

8.1 

4 

212 

21 

9.8 

5 

3 

320 

14 

4.3 

2 

317 

13 

4.3 

10 

5 

354 

3 

1.0 

4 

353 

2 

0.6 

20 

3 

397 

4 

1.1 

3 

397 

4 

1.1 

30 

5 

433 

13 

3.4 

4 

433 

21 

4.9 

50 

5 

521 

14 

2.8 

4 

523 

20 

3.8 

70 

5 

626 

22 

3.6 

4 

630 

28 

4.5 

SO 

3 

693 

33 

4.7 

3 

693 

33 

4.7 

90 

5 

790 

40 

5.0 

4 

799 

47 

5.9 

95 

3 

826 

22 

2.6 

2 

833 

13 

1.6 

99 

3 

948 

55 

5.7 

4 

963 

59 

6.2 

2  REC 

4 

100 

1 

0.7 

3 

100 

1 

1.2 

Spec i T : c  Gravity 

60/60  F 

5 

1.017 

0.004 

0.4 

4 

1.018 

0.005 

0.4 

API 

5 

7.6 

0.5 

6.7 

4 

7.5 

0.6 

8.2 

- . —  ASTM  D-1160  Tar  Oil  Distillation  Data  — . . 

■»/  Chroiaspec  5/1/8S  data -  - «/o  Chroiaspec  5/1/85  data 


saaple 

952 

saeple 

952 

size 

AVERAGE 

Confidence 

size 

AVERAGE 

Confidence 

(deg  F) 

Li  si  t 

(deg  F! 

Liiii  t 

1st: llation 

LV  2 

(+/-) 

(  2  I 

(+/-) 

(  2  ) 

6STM  D-S6i 

IBP 

4 

130 

31 

23.  B 

3 

126 

52 

41.5 

5 

4 

184 

22 

11.8 

3 

177 

22 

12.4 

10 

4 

227 

99 

43.6 

3 

191 

23 

12.1 

20 

2 

304 

880 

289.6 

1 

206 

— 

— 

30 

4 

300 

167 

55.7 

3 

240 

19 

7.8 

50 

4 

375 

155 

41,2 

7 

319 

26 

6.3 

70 

4 

433 

170 

35.2 

3 

422 

36 

E.6 

80 

2 

616 

1137 

184.7 

1 

489 

— 

— 

90 

1 

595 

— 

— 

1 

595 

— 

— 

95 

u 

697 

216 

31.0 

4. 

636 

117 

18.4 

99 

q 

n.a. 

n.a. 

n.a. 

0 

n.a. 

n.a. 

n.a. 

,je::f’.c  Gravity  60/60  F 

4 

1.016 

0.008 

0.829 

3 

1.007 

0.019 

1.905 

af: 

4 

7.8 

1.2 

14. B 

3 

9.1 

2.7 

29.6 

56 
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APPENDIX  A 

GPGP  Process  Flow  Diagrams 


r 


► 


i 


► 


A-3 


~a. 


A. 


BLOCK  FLOW  DIAGRAM. 


Overall  Process  Material  Balance  @  Design  SNG  Rate 
of  137.5  MMSCFD. 


CRUSHED  COAL 


FIGURE  A-3.  LURGI  DRY  ASH  GASIFIER. 


A-5 


FIGURE  A-4.  GASIFICATION  AND  QUENCH  -  SIMPLIFIED  PROCESS 

FLOW  DIAGRAM. 


FIGURE  A-6.  RECTISOL  UNIT  -  SIMPLIFIED  PROCESS  FLOW  DIAGRAM 


FIGURE  A-7.  PHENOSOLVAN  UNIT  SIMPLIFIED  PROCESS  FLOW 

DIAGRAM. 


EXPANSION  GAS 


FIGURE  A-8.  GAS  LIQUOR  SEPARATION  SIMPLIFIED  PROCESS 

FLOW  DIAGRAM. 


APPENDIX  B 

Selected  Jet  Fuel  Production  Program 
GPGP  Liquid  By-Product  —  Analytical  Data 


FIGURE  B-1.  COMPARISON  OF  GC/MS  ANALYSIS  OF 

RAW  AND  H2S04-WASHED  RECTISOL 
NAPHTHA. 

(UNDEMRC  2/17/87  -  5/16/87  Quarterly) 

B-3 


FIGURE  B'2.  COMPARISON  OF  UNDEMRC  GC/MS 

ANALYSIS  OF  RAW-  AND  DEODORIZED 
RECTISOL  NAPHTHA. 


B-4 


FIGURE  B-3.  RECONSTRUCTED  WRI  ION  CURRENT  CHROMATOGRAM 

OF  THE  NAPHTHA  STREAM. 


Distillation. 

(fractions  submitted  for  GC/MS, 
C13  NMR,  and  Proton-NMR 
Analysis) 


B-r 


NO./16.373 


TEMPERATURE,  °F 


0  20  40  60  80  1 00 


CUM  LV%  OFF 

Figure  B-6.  D-2887  GC  Distillation  of  G PGP 
Crude  Phenol  (WRI  Samples 
86-73A  and  86-73B). 


B-8 


NO./16.37 1 


FIGURE  B-8.  UNDEMRC  GC-FID  ANALYSIS  FOR  TAR 

OIL  STREAM. 


APPENDIX  C 

Selected  GPGP  Jet  Fuel  Production  Program 
Liquid  By-Product  Characterization  Data 


C-1/C-2 


NO  16.3 


TABLE  C-1. 

COMPARISON  OF  AMOCO  CAUSTIC  -  AND 
CAUSTIC/METHANOL  EXTRACTED  GPGP  NAPHTHA  SAMPLES 


Sample  Date 

5/11/87 

6/18/87 

Pretreatment 

None 

NaOH 

Extracted 

None 

NaOH/MeOH 

Extracted 

API  Gravity 

38.9 

39.5 

40.0 

Elemental  Analysis,  Wt.% 

Carbon 

83.75 

86.33 

84.11 

86.21 

Hydrogen 

9.94 

9.57 

9.93 

9.92 

Nitrogen 

0.21 

0.06 

0.21 

0.13 

Sulfur 

1.73 

1.26 

1.68 

0.86 

Oxygen  (by  difference) 

4.37 

2.78 

4.07 

2.88 

PON  A,  Vol.% 

Paraffins 

Normal 

— 

5.2 

6.0 

— 

ISO 

— 

2.2 

2.4 

— 

Olegins 

Normal 

— 

7.3 

8.0 

— 

ISO 

— 

7.1 

7.6 

— 

Naphthenes 

— 

13.6 

12.1 

— 

Aromatics 

— 

64.6 

63.9 

— 

Component  Analysis,  Wt.% 

Water 

0.56 

— 

0.42 

— 

Methanol 

2.27 

— 

2.47 

— 

Acetone 

6.32 

— 

— 

— 

MEK 

3.32 

— 

— 

— 

Benzene 

45.62 

— 

46.04 

— 

Toluene 

17.93 

— 

15.99 

— 

Xylene 

3.25 

— 

3.60 

— 

Wt.%  Ca  (NMR) 

65.9 

— 

— 

— 

Viscosity  @  25°C,  cP 

0.46 

— 

— 

— 

RVP,  psi 

* 

5.5 

— 

— 

Octane-Research 

* 

* 

— 

— 

Motor 

* 

* 

— 

— 

ASTM  D-86,  °F 

IBP 

111 

114 

— 

— 

5% 

134 

158 

— 

— 

10% 

142 

165 

— 

— 

30% 

167 

179 

— 

— 

50% 

183 

188 

— 

— 

70% 

* 

203 

— 

— 

90% 

* 

243 

— 

— 

95% 

* 

267 

— 

— 

FBP 

* 

341 

— 

— 

%  Loss 

* 

0.1 

— - 

— 

%  Residue 

* 

0.2 

- - 

— 

'Not  done  due  to  odor. 


C-3 


NO. '16. 387 


TABLE  C-2. 

GPGP  RECTISOL  NAPHTHA  COMPONENT  DATA 
(UNDEMRC  2/17/87  -  5/16/87  Quarterly) 


GC 

# 

b.  p. 
deg.C 

deg.F 

■  Component 

Area?  Retention 
Over  Time 

Peak 

Area$ 

E  lementa 1 , 
C  H  N 

atomi  i 
0  S 

1 

0 

25.79 

0.26 

4 

8 

2 

0 

26.45 

0.22 

4 

8 

3 

1 

28.08 

0.15 

4 

8 

4 

6.0 

43 

Methanethi ol 

1 

29.04 

0.21 

1 

4 

1 

5 

1 

30.10 

0.15 

.4 

8 

6 

1 

35.46 

0.00 

5 

10 

7 

36.0 

97 

n-Pentane 

1 

38.65 

0.24 

5 

12 

8 

2 

43.45 

0.31 

5 

10 

9 

52.6 

127 

Acetone 

4 

46.39 

2.28 

3 

6 

1 

10 

4 

48.27 

0.25 

5 

8 

11 

5 

49.13 

0.44 

5 

10 

12 

5 

51  .02 

0.25 

5 

10 

13 

37.3 

99 

Thiobi sme thane 

5 

52.17 

0.16 

2 

6 

1 

1  4 

6 

52.71 

0.86 

5 

10 

15 

37.0 

99 

Ethanethiol 

6 

54.93 

0.21 

2 

6 

1 

16 

6 

58.26 

0.24 

5 

ft 

17 

6 

59.13 

0.15 

5 

8 

18 

7 

63.36 

0.55 

5 

8 

19 

7 

64.61 

0.13 

6 

12 

20 

7 

66.27 

0.42 

5 

10 

21 

8 

68.52 

0.47 

6 

12 

22 

8 

70.51 

0.11 

6 

14 

23 

• 

8 

73.59 

0.18 

6 

14 

24 

9 

77.65 

0.91 

6 

12 

25 

68.0 

154 

n-Hexane 

10 

80.79 

1 .24 

6 

14 

26 

79.6 

175 

2-Butanone 

12 

82.37 

1  .45 

4 

8 

1 

27 

12 

83.22 

0.33 

6 

12 

28 

13 

84.00 

0.33 

6 

10 

29 

13 

84.82 

0.61 

6 

12 

30 

13 

86.00 

0.11 

6 

12 

31 

14 

90.49 

0.81 

6 

12 

32 

14 

93.42 

0.00 

6 

12 

33 

14 

96.44 

0.21 

6 

8 

34 

14 

98.45 

0. 17 

6 

8 

35 

16 

100.69 

1  .30 

6 

10 

36 

16 

103.07 

0.60 

6 

12 

37 

80.1 

176 

Benzene 

63 

105.60 

46.60 

6 

6 

38 

84.2 

184 

Th i ophene 

63 

107.13 

0.57 

4 

4 

1 

39 

64 

108.27 

0.18 

6 

8 

40 

83.0 

181 

Cyclohexene 

64 

1 10.85 

0.66 

6 

10 

41 

65 

112.31 

0.20 

7 

14 

42 

65 

113.38 

0.13 

7 

14 

C-4 


TABLE  C-2. 

GPGP  RECTISOL  NAPHTHA  COMPONENT  DATA 

(CONTINUED) 


CD 
=*=  O 

b.  p. 
deg.C 

deg.F 

Component  Area?  Retention 

Over  Time 

Peak 

Area? 

E  lementa 1 , 
C  H  N 

atomic 
0  S 

43 

65 

114.47 

0.15 

7 

14 

44 

66 

1  16.70 

1  .05 

7 

14 

45 

67 

119.97 

1  .51 

7 

12 

46 

68 

122.95 

0.24 

7 

14 

47 

68 

124.13 

0.30 

7 

12 

48 

68 

125.75 

0.21 

7 

14 

49 

69 

126.82 

0.98 

7 

14 

50 

98.4 

209 

n-Heptane 

69 

131 .44 

0.27 

7 

14 

51 

70 

133.58 

0.44 

7 

12 

52 

70 

1 39.89 

0.47 

7 

12 

53 

70 

140.62 

0.21 

7 

12 

54 

71 

1 41 .05 

0.13 

8 

16 

55 

110.6 

231 

Tol uene 

88 

145.17 

17.57 

7 

8 

56 

88 

57 

88 

58 

88 

59 

#56  -  63  total 

90 

1 .61 

60 

90 

61 

90 

62 

90 

63 

90 

54 

126.0 

259 

C8H18 

91 

156.81 

0.83 

8 

18 

65 

91 

66 

91 

67 

91 

68 

91 

69 

#65  -  73  total 

91 

0.79 

70 

91 

71 

91 

72 

91 

73 

91 

74 

C2  Benzene 

92 

177.95 

0.94 

8 

10 

75 

92 

0.01 

76 

C2  Benzene 

95 

180.85 

2.50 

8 

10 

77 

#77  -  78  total 

95 

0.18 

78 

95 

79 

Benzene-C2 

96 

188.57 

0.62 

8 

10 

80 

150.8 

303 

C9H20 

96 

190.83 

0.27 

9 

20 

81 

96 

TABLE  C-3. 

Proton  and  Carbon-13  NMR  Analyses  of 
GPGP  Rectisol  Naphtha 
(UNDEMRC  2/17/87  -  5/16/87  Quarterly) 

Proton  NMR 


Carbon  Type  %  Area 


Aromatic 

38.9 

Phenol 

0.4 

Acenapthene 

1.9 

— CH2-alpha 

22.2 

— CH2-beta 

10.5 

-ch2- 

13.9 

-ch3 

12.2 

100.0 

Carbon-13  NMR 

Carbon  Type 

%  Area 

Aliphatic,  C  = 

2.0 

Aromatic,  C  -  0 

1.1 

Phenolic 

0.0 

Aromatic,  =C  = 

2.7 

Aromatic,  =C- 

66.7 

Methoxy 

1.1 

Aliphatic,  — CH2— 

4.3 

+  C 

9.7 

alpha  C 

8.0 

— CH3 

4.4 

100.0 

C-6 


NO  16.382 


TABLE  C-4. 

ANALYSIS  OF  C;  LOSSES 


FROM  GPGP  RECTISOL  NAPHTHA 
(5/11/87  samples  from  Amoco  8/26/87  presentation) 

Can  Sample  “Bomb”  Sample 

Wt%  C, 

0 

0.001 

C2 

0 

0 

C3 

0.0006 

0.058 

c3= 

0 

0 

iC4 

0.014 

0.038 

nC4 

0.081 

0.187 

c; 

0.438 

1.064 

iC5 

0.158 

0.196 

nC5 

0.469 

0.603 

Cyclo-C5 

0.241 

0.280 

c5= 

2.258 

2.735 

cr 

3.507 

4.099 

C-7 


NO  16.384 


TABLE  C-5. 

Results  From  WRI  Analysis  of  GPGP  Rectisol  Naphtha 

Sample  REF  86-74(1) 


Specific  Gravity,  60/60°F 

Elemental  Composition,  wt%  (ppm) 

Carbon 

hydrogen 

Nitrogen 

Sulfur 

Oxygen  (difference) 

Distillation  (ASTM-D2887) 

IBP 

5/10% 

20/30 

40/50 

60/70 

80/90 

95 

FBP 


0.821 


85.0 

9.8 
0.18 

1.8 
3.2 


(2071) 

(18270) 


62°  F 
96/126 
161/169 
173/177 
187/221 
228/242 
276 
364 


Benzene/Alkylbenzenes  by  GC/M S 


Carbon  Number 


%  of  Total  Ionization 


6 

7 

8 
9 


73.6 

14.7 
2.5 
0.6 


(1,From  October  1987  WRI  Quarterly  Technical  Progress  Report. 


C-8 


NO  16.383 


TABLE  C-6. 

COMPARISON  OF  GPGP  CRUDE  PHENOL  GC 
COMPONENT  ANALYSES  BY  HRI  ,ANG, 
AND  OUTSIDE  LABORATORY 


Outside  Lab  HRI 


pyridines  (total) 

1.1 

neutral  oil 

3.2 

catechol 

1 1.3(1) 

residue  (>180°C  @  38  mm  Hg) 

21.7<2) 

5.3* 

lights 

1.9 

1.9 

phenol 

31.0 

45.1 

guaiacol 

0.8 

2.7 

ortho-cresol 

6.1 

8.7 

2,6-xylenol 

0.4 

0.5 

para-cresol 

6.3 

9.2 

meta-cresol 

8.9 

13.7 

ortho-ethyl  phenol 

0.4 

0.9<31 

2,4-xylenol 

1.1 

2.1 

2,5-xylenol 

0.8 

para-ethyl  phenol 

1.1 

1.8 

meta-ethyl  phenol 

0.8 

1.5 

2,3-xylenol 

0.4 

2.7 

3,5-xylenol 

1.1 

3,4-xylenol 

0.5 

3.9 

unknowns 

1.1 

closure 

100.0 

100.0 

•chromatographic  method 

(1iFrom  lead  precipitation  test,  may  include  hydroquinones  and  resorcinol. 
,2)Based  on  Rotovap  distillation 
(3)lncludes  Hydroquinone 


C-9 


NO  16.385 


TABLE  C-7. 

ELEMENTAL  ANALYSIS  OF 
GPGP  CRUDE  PHENOL  D-86  FRACTIONS 
(UNDEMRC  2/17/87  -  5/16/87  Quarterly) 


SPECIFIC  GRAVITY,  1 .075: 


TENPERATURE 

WT%  OF 

WT% 

WT% 

WT% 

WT%  0+S 

VOL  .% 

deg.F 

deg.C 

FRAC. 

C 

H 

N 

(di  ft ) 

SUM 

IBP 

207 

97 

5% 

374 

1  90 

4.88 

73.01 

7.47 

0.20 

19.32 

100 

10% 

374 

190 

4.87 

76.22 

7.19 

0.00 

16.59 

100 

20% 

381 

194 

9.73 

76.78 

7.13 

0.00 

16.09 

100 

30% 

383 

195 

9.66 

76.29 

7.10 

0.10 

16.51 

100 

40% 

387 

197 

9.64 

76.23 

7.16 

0.17 

16.44 

100 

50% 

394 

201 

9.74 

76.57 

7.28 

0. 16 

15.99 

100 

60% 

410 

210 

9.51 

77.33 

7.38 

0.13 

15.16 

100 

70% 

433 

223 

9.73 

77.14 

7.46 

0.19 

15.21 

100 

80% 

468 

242 

9.64 

75.31 

7.55 

0.28 

16.86 

100 

90% 

496 

258 

10.91 

73.72 

7.55 

0.41 

18.32 

100 

94.2% 

496 

258 

4.22 

73.22 

7.60 

0.72 

18.46 

100 

RESIDUE 

6.23 

83.78 

5.73 

1 .59 

8.90 

100 

TOTAL  WT% 

98.76 

75.39 

7.15 

0.28 

15.93 

ORIGINAL  SAMPLE  WT% 

100.0 

76.03 

7.34 

0.31 

16.32 

RECOVERY  % 

98.8 

99.2 

97.4 

90.3 

97.6 

C-10 


TABLE  C-8. 

PROTON  NMR  DATA  FOR  TOTAL  CRUDE  PHENOL 
AND  THE  SUM  OF  THE  FRACTIONS 


FUNCTIONAL 

GROUP 

NMR 

REGION 

ppm 

TOTAL 

PROTON 

Area  X 

SUM 

PROTON 

Area  X 

Aromatic 

9. 0-5. 9 

54.8 

50.1 

Phenolic 

5. 2-4. 4 

12.2 

12.0 

Methoxy 

4. 4-3. 5 

1.3 

2.0 

Alpha-Meth 

3. 3-1-9 

23.6 

24.2 

Other 

8.0 

10.3 

— 

— 

Total 

99.9 

98.6 

C-11 


Compound  #bl  23456  7  8  9 

Type  RTa  wt%c  7.1  11.0  9.8  9.3  6.5  3.6  13.1  5.2  33.0 
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TABLE  C-10.  UNDEMRC  GC/MS  COMPONENT  ANALYSIS  OF 

GPGP  CRUDE  PHENOL  TBP  FRACTIONS 


r 


*=■1 


i 

r 


Ui 

|is 

1 2.5 

Ui 

I- 

L 

u 

IM 

III2-2 

KM 

1= 

i_ 

IM 

1  = 

»_  l_U 

HIM 

1.4 

I  I-6 

= 

= 

111= - 

MICROCOPY  RESOLUTION  IEST  CHAP1 
NAT'OMl  t  n'A\[>aP[k  a 


TABLE  C-11. 

RESULTS  FROM  WRI  FLASH  DISTILLATION  OF 
GPGP  CRUDE  PHENOL 


Flash 

Crude  Distillation  Product 
Phenol 

(Ref.  86-73A)  IBP-450°F  450°F  + 


Recovery  Vol.% 

(Feed) 

81.0 

12.3 

Specific  Gravity  60/60°F 

1.066 

1.063 

1.099 

Water  Content  Wt.% 

5.5 

N.R. 

N.R. 

Elemental  Composition  Wt.% 

Carbon 

71.30 

70.20 

73.40 

Hydrogen 

7.40 

7.30 

7.10 

Oxygen  (by  Difference) 

20.69 

21.96 

18.29 

Nitrogen 

0.47 

0.34 

0.79 

Sulfur 

0.14 

0.20 

0.42 

Distillation  (ASTM  D-2887)  °F 

IBP 

233 

167 

323 

5% 

— 

335 

330 

10 

341 

340 

333 

20 

340 

346 

360 

30 

358 

350 

371 

40 

— 

356 

400 

50 

382 

372 

436 

60 

— 

382 

463 

70 

401 

389 

492 

80 

424 

407 

540 

90 

476 

448 

660 

95 

518 

481 

747 

FBP 

766 

613 

892 

TABLE  C-12. 

SIMULATED  GC  DISTILLATION  OF  GPGP  TAR  OIL(1) 


Initial 

Heating 

column  temp:  60  deg.C 

Rate:  6  deg./m  in  to  320  deg.C 

Sample  density: 
12.2  mg/ml 

Carbon 

Boi 

1  ing 

Cumu  t  at i ve 

Number 

Pt. Range 

.deg.C 

deg.F 

Area* 

Areal  Std. 

Dev. 

7 

0 

-  98 

0.00* 

0.001 

8 

98 

-  126 

2.13* 

2.131 

0.42 

9 

126 

-  151 

6.34| 

4.211 

0.77 

10 

151 

-  174 

12.171 

5.831 

0.84 

11 

174 

-  196 

23.811 

11.641 

1  .64 

12 

196 

-  216 

43.221 

19.41$ 

2.08 

13 

216 

-  235 

50.561 

7.341 

0.83 

14 

235 

-  253 

59.521 

8.961 

0.81 

15 

253 

-  271 

66 . 1 71 

6.651 

1  .42 

16 

271 

-  287 

73.911 

7.741 

0.73 

17 

287 

-  302 

79.161 

5.251 

0.92 

18 

302 

-  317 

85.671 

6.511 

1 .20 

19 

317 

-  331 

87.321 

1  .651 

0.20 

20 

331 

-  344 

90.551 

3.231 

0.24 

21 

344 

-  356 

92.311 

1.761 

0.18 

22 

356 

-  369 

94.191 

1 .881 

0.38 

23 

369 

-  380 

95.861 

1  .671 

0.24 

24 

380 

-  391 

96.421 

0.561 

0.14 

25 

391 

-  402 

97.161 

0.741 

0.16 

26 

402+ 

99.881 

2.721 

0.60 

(1)From  May  6, 1987  UNDEMRC  Presentation 


TABLE  C-13. 

UNIVERSITY  OF  UTAH  GPGP  TAR  OIL  ANALYSIS 


Fraction 


Light  rracticr; 

'  LUO  L  5  0*7 t  t  } 


.ieaw  hr art 


Recover v 


Eierenhai  Lospcsiticn  l  t  <. 


0  ibv  Dirrerence; 


>; sees: t v  S  77  F 


F3k  Bistiilatior 


Ji  5t  i  i  iat  10h 


-Basel  ire 
-terosire 
-Sas  cil 
-Heavy  gas  oil 
Vac  qcs  ci! 


uomoaunc  tvoe 


Aliphatic  lr  Hrocatic 


TABLE  C-14. 

AMOCO  ANALYSIS  OF 
GPGP  WHOLE  TAR  OIL  AND  FRACTIONS0* 


l 


{ 

l 


4 


I 


1 


Sample  Date 

5/11/87 

5/28/87 

6/18/87 

Fraction 

Total 

750-  F 

Total 

550-oF 

Total 

API  Gravity 

6.6 

11.5 

6.6 

15.4 

8.0 

Elemental  Analysis,  WtZ 

Carbon 

82.12 

83.63 

mm 

83.46 

75.15 

Hydrogen 

8.57 

8.80 

mm 

8.88 

8.73 

Nitrogen 

0.87 

0.73 

mm 

0.57 

0.49 

Sulfur 

0.40 

0.38 

mm 

0.43 

0.36 

Oxygen 

8.04 

6.46 

— 

6.66 

15.27 

Water,  WtZ 

2.04 

0 

— 

0 

11.38 

WtZ  C  (NHR) 

Viscosity  9  25*C,  cP 

61.4 

63.4 

185.10 

Pour  Point,  *P 

70 

Refractive  Index  (70*C) 

1.5489 

— 

— 

— 

Ash  Oxide,  WtX 

0.03 

0. 

0.08 

Raascarbon,  WtZ 

2.26 

0.30 

— 

— 

1.25 

Solids  by  Filtration,  vtZ 

0.25 

PSD:  <4.7  Microns 

17.6 

4. 7-6.6 

17.6 

6. 6-9. 4 

21.2 

9.4-13 

16.8 

13-19 

17.4 

19-27 

8.4 

27-38 

0.8 

0.60 

18.3 
12.7 
15.6 

10.3 
12.0 
19.1 
12.0 


Distillation,  *P 


Type 

10am  D-1160 

— 

mm 

D-86 

10m  D-1160 

D-2887 

IBP 

142 

169 

139 

232 

5X 

180 

240 

186 

328 

10Z 

196 

270 

199 

359 

30Z 

245 

384 

245 

434 

50Z 

334 

410 

315 

516 

70Z 

441 

441 

406 

609 

90Z 

— 

493 

623 

755 

95Z 

— 

549 

MM 

814 

FBP 

649 

563 

623 

391 

Z  Loss 

4.2Z 

1Z 

4.8Z 

— 

Z  Residue 

4.8Z 

1Z 

3.9Z 

Extraction,  vtZ 

Oils 

97.3 

__ 

mm 

mm 

MM 

Asphaltenes 

1.7 

— 

MM 

MM 

MM 

Preasphaltenes 

0.7 

— 

MM 

MM 

MM 

THF  Insolubles 

0.3 

■  m 

-M 

MM 

— 

TABLE  C-15. 

ANALYSIS  OF  FRACTIONS  FROM 
WRI  FLASH  DISTILLATION  AND 
CAUSTIC  EXTRACTION  OF  GPGP  TAR  OIL(1) 


- RrrSF72T 

Tar  Oil 

- 57-06-3 

IBP-450*F 

— B7=ra-4 — 

450-750*F 

— 57=06-9  / 

XTR  Blend' 

Specific  Gravity, 

60/60Y  1.018 

0.953 

1.028 

0.982 

Carbon 

83.5 

80.6 

81.7 

84.2 

Hydrogen 

8.6 

9.2 

8.3 

9.0 

Nitrogen 

0.8 

0.6 

0.7 

0.7 

Sul  fur 

0.5 

0.5 

0.6 

0.6 

Oxygen 

6.6 

9.1 

8.7 

5.5 

Distillation  (ASTM  D-2887) 

IBP 

200 

171 

278 

223 

5/10 

318/354 

235/284 

368/397 

294/342 

20/30 

396/423 

337/364 

438/483 

395/422 

40/50 

469/513 

384/401 

522/577 

459/497 

60/70 

559/617 

412/432 

597/644 

534/583 

80/90 

686/774 

458/506 

695/762 

647/731 

95 

834 

543 

813 

791 

FBP 

930 

674 

908 

908 

Vol  X  of  Tar  Oil 

100 

27 

55 

74  ' 

(  )From  October  1987  WRI  Quarterly  Technical  Progress  Report 

<2>Product  of  blending  caustic-extracted  IBP-450°F  cut  with  ~2X  its  volume  of 
450-750°F  heavy  distillate. 


TABLE  C-16. 

ELEMENTAL  ANALYSIS  OF 
GPGP  TAR  OIL  D-86  FRACTIONS 
(UNDEMRC  2/17/87  -  5/16/87  Quarterly) 


SPECIFIC  GRAVITY,  1 .025: 


TEMPERATURE 

WT*  OF 

WT* 

WT* 

WT* 

WT*  0+S 

VOL.* 

deg.F 

deg.C 

FRAC 

C 

H 

N 

(diff) 

SUM 

IBP 

180 

82 

5* 

275 

135 

4.49 

86.69 

10.33 

0.56 

2.42 

100 

10* 

347 

175 

4.59 

81  .62 

9.66 

0.87 

7.85 

100 

20* 

381 

194 

9.07 

80.38 

9.59 

0.78 

9.25 

100 

30* 

405 

207 

9.37 

79.63 

9.19 

0.67 

10.51 

100 

40? 

430 

221 

9.56 

80.88 

8.76 

0.81 

9.55 

100 

50* 

473 

245 

9.46 

83.04 

8.86 

0.87 

7.23 

100 

60* 

511 

266 

9.27 

83.74 

8.96 

0.85 

6.45 

100 

70* 

511 

266 

9.95 

84.64 

8.78 

0.63 

5.95 

100 

80* 

541 

283 

9.76 

85.33 

8.91 

0.67 

5.09 

100 

90* 

565  max 

296 

10.44 

85.32 

9.13 

0.65 

4.90 

100 

RESIDUE 

10.54 

90.11 

4.90 

1.15 

3.84 

100 

total  wt* 

96.50 

80.90 

8.36 

0.75 

6.49 

ORIGINAL  SAMPLE  WT* 

100.0 

82.60 

8.63 

1  .01 

7.76 

RECOVERY  * 

96.5 

97.9 

96.9 

74.4 

83.6 

TABLE  C-17. 

UNDEMRC  GC/MS  GPGP  TAR  OIL  COMPONENT  ANALYSIS 


GC 

b.  p. 

Component 

Area*  R 

etenti  on 

Peak 

E  lemental . 

a+omi  c 

1 

deg.C 

deg.F 

Over 

Time 

A  re  at 

C 

H  N 

0  s 

1 

ill 

231 

Tol uene 

8 

3.22 

8.34 

7 

8 

2 

1  38 

281 

C2  Benzene 

9 

5.40 

0.70 

8 

10 

J 

139 

282 

02  Benzene 

12 

5.52 

2.56 

8 

10 

4 

1  44 

292 

C2  Benzene 

13 

5.96 

1 .39 

8 

10 

5 

C3  Benzene 

13 

7.16 

0.18 

9 

12 

6 

C3  Benzene 

1  4 

7.33 

0.86 

9 

12 

7 

182 

359 

Phenol 

15 

7.36 

0.66 

6 

6 

1 

8 

C3  Benzene 

15 

7.48 

0.32 

9 

12 

9 

C3  Benzene 

16 

7.75 

0.62 

9 

12 

to 

C4  Benzene 

17 

8.06 

1  .44 

10 

14 

II 

191 

376 

Cl  Phenol 

18 

8.76 

1  .30 

7 

8 

1 

12 

202 

396 

Cl  Phenol 

19 

9.10 

1 .10 

7 

8 

1 

13 

C2  Phenol 

21 

9.94 

1.65 

8 

1C 

1 

14 

Cl  Benzofuran 

22 

10.78 

0.76 

9 

a 

1 

15 

C2  Phenol 

22 

10.88 

0.55 

8 

10 

1 

16 

C2  Phenol 

24 

11.77 

1 .09 

8 

10 

1 

17 

C2  Phenol 

25 

11.94 

1.76 

8 

1C 

1 

18 

C2  Phenol 

28 

12.28 

2.29 

8 

10 

1 

19 

C2  Phenol 

28 

12.54 

0.85 

8 

10 

1 

20 

218 

424 

Naphtha  lene 

37 

12.88 

8.54 

10 

8 

21 

C2  Benzofuran 

37 

13.38 

0.37 

10 

10 

1 

22 

C3  Phenol 

38 

13.75 

0.79 

9 

12 

1 

23 

C3  Phenol 

39 

14.56 

1.22 

9 

12 

1 

24 

240 

464 

2-Methyl napth. 

43 

15.62 

3.59 

11 

10 

25 

241 

466 

1-Methy  Inapth. 

45 

16.06 

1.84 

11 

10 

25 

256 

493 

B  i  pheny  1 

46 

17.08 

0.90 

12 

10 

27 

254 

489 

Cl  4H30 

47 

17.63 

1.37 

14 

30 

28 

C2  Naphthalene 

48 

18.26 

0.96 

12 

12 

29 

C2  Naphthalene 

49 

18.61 

1.02 

12 

12 

30 

C2  Naphthalene 

50 

18.69 

1.42 

12 

12 

31 

C2  Naphthalene 

51 

19.08 

0.47 

12 

12 

32 

C2  Naphthalene 

32 

19.1/ 

0.97 

12 

12 

33 

C2  Naphthalene 

52 

19.45 

0.35 

12 

12 

34 

271 

51* 

C15H32 

53 

20.02 

0.93 

15 

32 

35 

Z79 

534 

Acenaphthene 

54 

20.15 

0.95 

12 

10 

36 

C3  Naphtha  lane 

55 

20.47 

0.66 

13 

14 

37 

287 

549 

Otbenzofuran 

57 

20.85 

2.00 

12 

8 

1 

38 

C3  Naphthalene 

57 

21 .11 

0.45 

13 

14 

39 

287 

549 

C16H34 

58 

22.17 

0.44 

16 

34 

40 

294 

561 

F luorene 

59 

22.32 

1 .44 

13 

10 

41 

C3  Naphthalene 

61 

22.40 

1.63 

13 

14 

42 

Cl  01  benzofuran 

61 

23.10 

0.47 

13 

10 

43 

Cl  F luorene 

61 

24.73 

0.29 

14 

12 

44 

316 

601 

C18H38 

62 

26. 15 

0.64 

18 

38 

45 

340 

644 

Phenanthrene 

64 

26.42 

2.33 

14 

10 

46 

340 

644 

Anthracene 

65 

26.62 

0.55 

14 

10 

47 

330 

625 

Cl  9H40 

65 

28.00 

0.47 

19 

40 

48 

Cl  Phenanthrene 

65 

15 

12 

49 

Cl  Phenanthrene 

66 

28.56 

0.28 

15 

12 

50 

Cl  Phenanthrene 

66 

28.69 

0.43 

15 

12 

51 

Cl  Phenanthrene 

66 

15 

12 

52 

Cl  Phenanthrene 

67 

29.04 

0.35 

15 

12 

53 

343 

649 

C20H42 

67 

29.77 

0.46 

20 

42 

54 

337 

674 

C21H44 

66 

31 .61 

0.63 

21 

44 

55 

375 

707 

Fluoranthene 

69 

32.55 

1 .08 

16 

10 

56 

369 

695 

C22H46 

69 

33.07 

0.52 

22 

46 

57 

393 

739 

Pyrene 

69 

16 

10 

58 

380 

716 

C23H48 

70 

34.63 

0.55 

23 

48 

59 

391 

736 

C24H50 

70 

36.11 

0.45 

24 

50 

TABLE  C-18. 

GC/MS  ANALYSES  OF  GPGP  TAR  OIL 
(From  WRI  8/26/87  Presentation) 


Example  of 

Compound  Class 

Relative  Area 
Percentage 

Carbon  Mum 
Range 

Alkanes 

5.84 

11-27 

Alkylbenzenes 

9.66 

7-11 

Indans/Tetral I  NS 

11.93 

9-14 

Naphthalenes 

20.47 

10-15 

Dihydrofluorenes 

3-08 

13-15 

Fluorenes 

5.44 

13-15 

Phenanthrenes/Anthracenes  6-15 

15-18 

Dihydropyrenes 

1.58 

16-17 

Fluoranthenes 

3-40 

16-18 

Crysenes 

0-77 

18 

Cholanthrenes 

0-66 

20-21 

Benzopyrenes 

0.09 

22 

Hydroxy  aromatics 

Phenols 

4.67 

8-10 

Hydroxy  Naphthalenes  3-28 

10-13 

Hydroxy  Fluorenes 

3-16 

13-15 

Total 


80-13 


TABLE  C-19. 

COMPONENT  ANALYSIS  OF  GREAT  PLAINS 
TAR  OIL  BY  LIQUID-LIQUID  EXTRACTION 
AND  ELUTION  CHROMATOGRAPHY™ 


Fraction 

wt.  i  of  Oil 

Wt.  %  of  Neutrals 

Tar  Bases  (acid  extract) 

4.5 

Tar  Acids  (base  extract) 

19.8 

Neutrals  (raffinate) 

71.1 

100 

Loss1 

4.6 

Neutrals  Subfractions  (in 

order  of  elution) 

Saturates 

6 

8 

Olefins/Alkylaromatlcs 

23 

33 

Alkyl  aromatics 

9 

13 

Aromatics 

3 

4 

Alkylaromatlc  Carbonyls 

4 

6 

Aromatic  Carbonyls 

3 

4 

Pyrrol ics 

3 

4 

Alkyl  Hydroxyaromatics 

5 

7 

Hydroxyaromatics 

13 

18 

Loss 

1.5 

2 

Includes  water  and  solids 


^From  March  2, 1987  WRI  Quarterly  Technical  Progress  Report 


APPENDIX  D 

Statistical  Compilation  of  GPGP  Liquid 
By-Product  Physical  and  Chemical  Properties 
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Table  D-2.  (Continued) 


4/3/97 

9-25/8? 

2/17-5. 16/87 

UNDERC 

Jr'  i  i/s  7 

Lab.  Char. 

Lab.  Char. 

6UARTERL 

‘ 

Rupee 

EftCPJ 

ERCP2 

Distiilat-or  LV  1 

iAST*  D-Sai 

]Bf 

200 

203 

207 

189 

C. 

205 

20  £ 

c  a  7 

iO 

3<0 

i)6j 

374 

It? 

20 

3c5 

3  74 

3S! 

27i 

30 

370 

•579 

383 

37 1 

j'.’ 

335 

385 

394 

yuu 

7.\ 

410 

410 

433 

4)9 

c.\ 

V'.' 

450 

444 

463 

90 

520 

e  ,c 

JV>w 

49s 

CC  ■/ 

95 

c.  r  r 

509 

99 

:  rec 

44 

95 

94 

Specific  sravstv  sv/cp  - 

i  .  V  W'j 

i.i'71 

.  O'fcO 

i .  07  4 

API 

0  .  6 

i; .  v 

i,6 

v»ecr  Pressure  SvF 

Heettr.j  .sue.HHVi  gtui'lv 

’,3540 

.  v»6v/V 

hater  Esnter.t  »ta 

5,  A 

4.  £ 

4.5 

c  r 

Eieeenta;  Analvsis  at  1-Dr. 

~  c  7 

?C  - 

"C-  t 

■?  fc 

w  .  • 

'  °  *  * 

^ . . 

*- 

7  7 

7  * 

' .  3 

*  " 

' 

i  Bv  L'l  t  ter  free  ■  2 

U 

i  L‘  •  *■ 

ic.  i 

16.8 

■  l  '■ 

i  4. : 

0.2 

0.4 

4.3 

0.3 

s 

0 ,  - 

o.  i 

0.0 

c. ; 

5u» 

l::j,  v 

iOi'.O 

94.9 

,  v 

Aioeu.  H/‘C  Ratio 

-..-.o 

i , 

Viseosit.  iu5 

-!?  gf-  r 


lu  9 

-8  100  F  c St  -f.v 

210  F 

Co*OOflMt  ftRilvSIS 
0 T X / L t .  firo»atic; 

Phpncl 5  3fc.  a 

Cresol s  25.2 

tfethosyphenoi 
EthvlphenDi 

lylenois  9.0 

Naphthalene  _ 


1 

I 

I 

I 

1 

I 

I 

1 

I 

I 

I 


Table  0-2.  (Continued) 


2/5/95 

12/13/84 

1/20/96 

2/20/Bo  UNKNOtiN 

10/1/86 

12.'  i  -  b( 

uss 

Radian 

Lad.  Char. 

i.ab.  Char.  Northwest 

Lab.  Char. 

,_ab.  Chi 

Phenolic  Analyses 

f 

h 

Phenol 

40. 0 

33.0 

32.8 

31.9  34.3 

3o.p 

o-Cresol 

7.6 

7.3 

6.5 

6.2  e, 7 

c  1 

J. 

»-Cresc! 

19.0 

20.0 

19.3 

16.7  17.2 

14.  7 

14 

o-Crescl 

bJdl 3CQi 

1.4 

i .  5 

1.2 

2-Ethvl phenol 

2.4  ill 

0.5 

2,1  ill  2.1 

2.5 

3-Ethyl  phenol 

4-Ethviphencl 

2. 4/2,5  lUlenoi 

z.s 

B.3 

(2; 

2.4  l.g 

1.2 

2, 3/ 2. 6  tyienoi 

f.  L 

1.1  il/  0.5 

t'  * 

3,5  nler.pl 

2,4  :ii 

2.0  1.2 

2.6 

fc, 

3.4  1 v i en  o 1 

la* 

Naphtha)  er.e 

4.? 

0.3 

Am  sole 

Catechol 

j  .  c* 

Spscrc:nci 

Hvdroouinone 

o 

"J  <! >  3,5  ivlenai  and  Stlsvl  phenol  are  assures  to  se  present  in  eouai  concentrations  because 
tte  SC  show  lost  one  peai  *or  both. 

il,  Ali  ivlensi  isoaers  are  reported  as  1, i/2, 5  Jvier.ol. 


! 


I 


~4 


* 


t 


Table  D-3.  GPGP  Tar  Oil  Data 


5/1/85 

7/12/65 

7/24/85 

10/4/65 

i  0/  14/  S5 

1  r,,  ■  1  i OC 

]  i  /  4  /  35 

i  J  .  .  t  /  JJ  W 

Chroisaspec 

Lab.  Char. 

Lab.  Char. 

Lab.  Char. 

LaO .  Char. 

Lilt.  Char. 

Lab.  Char. 

1  /  L  0  •  u  c 

L  a  £  H  V  C  . 

Distillation  LV  ; 

JftSTH  D-86; 


IBP 

210 

210 

ISO 

150 

i£4 

2  i  0 

J 

iuv 

293 

297 

10 

361 

361 

370 

365 

361 

360 

•ji  / 

7  L 
yC  >• 

20 

39n 

396 

410 

406 

396 

405 

363 

400 

30 

439 

439 

441 

441 

419 

4^^' 

335 

440 

50 

535 

C  ‘•C 

JJJ 

540 

Ji- 

477 

500 

424 

520 

70 

649 

649 

639 

655 

495 

590 

4  SO 

t4v 

SO 

639 

669 

e  52 

700 

660 

620 

525 

6^ . 

so 

726 

95 

99 

:  pec 

66 

SO 

so 

D.} 

w»v 

so 

Wb 

uC 

U  1 

5? 

c  ‘ 

SoeoiTic  Bravitv  60/ 60  F 

1.016 

0. 99s 

1.014 

1.014 

1.018 

; .  022 

1,019 

c « L  z 

API 

f  *, 

10.5 

b»  0 

6.0 

7  C 
.  .  u 

7.0 

7.4 

■ .  r. 

V; 5035! tv  SUE 

-70  f 

270 

.wo 

-90  F 

-100  F 

79 

cnC) 

-120  F 

32v 

-1  ;c  o 

i  /  w 

Hater  Content  .tv 

i.C 

2.5 

i  .  V 

:.r 

Ei Mental  Analysis  Uti-Lrv 

t 

5S.  0 

C 

54. 7 

H 

5.  4 

c  ( ^ 

i 3v  l)i  Terence  •  C 

2.2 

v.  7 

M 

0. 7 

v.8 

0 . 4 

0.7 

- 

A  C 

;•  C 

*! 

*•* 

V  *  J 

'  ‘  “ 

V.*  . 

Su* 

m’Z 

;  oo.  v 

fttnaiC  H/C  Satie 

1 .  i3 

1.13 

i .  j  v 

Heating  Value (HHV)  Btu/lb 

16400 

16500 

1 65  vO 

16300 

16600 

•  5*00 

]  Z  ZZ  ■ 

gross  Cc.cofient  Analysis 
KtZ 


BTi/Lt  Aroestics 

7.2 

Phenols 

3.8 

Cresols 

8.1 

Petbcrvpheocls 

Ethvl phenol 

1.7 

lyienoi 

5.8 

Table  D-3.  (Continued) 


o 

cb 


12/18/86  1/16/87  i» '3/37  3/4/87  4/13/67  -  S/17-8/16/8?  idiSERC  Quarter!  .•  8 

Lab.  Char.  Lab.  Char.  Lab.  Char.  Lab.  Char.  Lab.  Char. 

EfiC-1  8RC-2  E-.C.-3  88 


Di  s  1 1  j  i  at  j  on 

i  A  £  T  M  1 1  _  C  i 
-  hj i  1 1  i  Ou / 


IBP 

190 

1  or- 

t  ufc 

176 

166 

\  70 

a  80 

■  GO 

■  ,\c 

c 

-  T 

■•ic 

T'T.’I 

i.  j 

X  .  w 

\:k 

•■’CO 

i«/W 

-■£/C 

340 

344 

350 

347 

"70 

'-•■w'W 

20 

41 U 

402 

384 

*00 

39S 

38 1 

3  £3 

4 ; 

30 

442 

430 

410 

42c 

425 

405 

410 

44 1 

50 

5i6 

507 

477 

498 

492 

4 ’3 

482 

Ci  1 , 

7fj 

P0*t 

548 

584 

578 

511 

545 

590 

80 

648 

5B5 

W  V1  v 

594 

54: 

“vt  7 

<J  U  < 

t V 

Or. 

C.iC 

c,TT 

L  • 

7 ... 

w  •'  f 

*-  4 

C-c 

00 

l  R£‘I 

84 

!  7 

9? 

CC. 

65 

Vc 

92 

- 

specific  5rav;ty  60-60  F 

i .  024 

i  •  Vv  •’ 

1 . 0 1 5 

1,015 

•.0;4 

•,  i ,  ",  c 

i.  0i5 

API 

i.7 

9.0' 

’.  5 

” .  4 

C  • 

i.  c 

9 

Vj  5:05:  tv  S'05 

*70  F 

w r 

~10,-i  F 

Ji  i ».r 

530 

■  5 ,3  v 

P  a. 

£)F 

op 

•  L. 

59 

-  i  75  r 


*i‘ir  f. orterr  »t'. 

1.5 

1  22 

»  a  V 

2.3 

Eiesentai  Ana*  .sis  aifi-L,rv 

L- 

85.8 

84.3 

84.5 

84.5 

p;. 3.  p 

83.8 

62.  p 

H 

9  ~ 

8.9 

9.S 

8.7 

j: ,  8 

6 .  p 

3v  Di4ferer.ee/  C 

4.0 

6.  1 

C  * 

5.4 

5.  '9 

c.  5 

14 

0.  4 

4 

v .  4 

-.9 

0.4 

U.  w 

: .  0 

s 

0.  c 

O’.  4 

0  -w' 

0  *  2- 

0,5 

V.4 

u  US 

1  Oil.  0 

100.1 

ivo.  0 

100.0 

!  I1’.- .  v‘ 

i  v  e'  .  O 

At o*: r  *f.'C  Ratio 

1.29 

!  :1 

-  *r 

1.23 

i.  "9 

i.:  - 

1  -  c 

Heat i rsa  Value  ;HHV)  Btu-'lb 

1647i.; 

16210 

16440 

i6440: 

lh-00 

Srcss  Cosppri ent  Ara Ivsie 

ttti 

ETi/Lt  Aromatics 

1.8 

7.6 

3.6 

Phenols 

1.6 

1.3 

1.9 

1.6 

Cresols 

4.2 

7  e 

J 

4,4 

v  »  / 

Hethoxyphenols 

0.5 

0.4 

Ethvlphenol 

1.1 

0.7 

1.0 

0.9 

iylenoi 

3.1 

2.5 

3.2 

2.7 

i 

[ 

I 

\ 

f 

i 


-lia'teriv  iFigure  l.'1 

"3  ERC-4 

ERC-5 

Bb-72rt 

kRI 

Si-728 

UR1 

9/25/37 
Lab  Char 

tro#  D-2SS7 

'■•  ,‘i  c  -  „  _ 

-jftC 

V7C 

4.  i  hi 

310 

190 

;t4 

ry*lt 

340 

345 

320 

3:5  3  7  0 

365 

•j  /  7 

38S 

•380 

4  !  v  a  »  1. 

425 

409 

413 

425 

•'•4>  450 

450 

443 

440 

450 

*  ''':  C  "T 

540 

544 

502 

520 

403 

i  T2‘, 

CO  7 

Ju  1 

602 

588 

5VV  635 

4.  "»  *! 

f  1  V 

607 

640 

6  i 

£43 

/  V  / 

791 

824 

57  s: 

73 

07 

99 

!  tm 

•  M  \  0 

1  •  ^iV 

'.5 

7.6 

7, 2 

D-10 


I 

1 

I 

I 

I 

I 

I 

I 


Table  D-3.  Excluding  Chromaspec  5/1/85  Analysis  (Continued) 


Distillation 
.-*BT  K  C-iiiO) 


5/1/85  2/20/8' 

bmaaspec  illiDESC 

Tar  Qi 1 -3 


50 


96 

lab 

•  7a 


309 

41s 

4£’; 

CC-' 


5/11/97  a- 18/37 

fteccc  Hiscs 
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334 

44; 


134 

1*S6 

1  99 
24: 


*;c  jra. 


i  V  •  J  C 
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cer^GEr.CE  ;r.ter 

*  d  . 

Av:*E-cE 

■r  5  2  :  c r  * 

SIN  HA 

*c *  r 

’■ ■*.  ?.ti  i  1  at: c-r.  *. 

2 1 

441,  i 

23 

4.302 

“3 

i"r 

;  2t 

c 

<  O  .  V 

c 

*4  ,  ..  v 

1 25 

.  r  ’ 

i 

Bc.t* 

Cf 

4.3/3 

iw  w 

2.4 

1 9 ; 

,  i: 

0 

♦  **  **»f  * 

20 1 

20 

5s  •  9 

4.303 

►  a.'  i 

•  c  * 

2  4  0 

C 

3 

113.6 

u 

4 .  j  v  >.■ 

2*3 

24a 

■1  V 

,  <7 

- 

C 
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i 
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(, 
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c 

95 

.. 
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0 
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D-11 
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Table  D-3.  D-1160  Distillation  Data  (Continued) 

1  - . - - - - 


**♦♦**♦«** 
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Table  D-3.  D-2887  Distillation  Data  (Continued) 


1/13/97 
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.c-_ 

9 £ n 3 b  of 
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• 

4 

1.014 
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7.0 
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1 

I 


D-13 


Table  D-3.  Excluding  6/18/87  Amoco  Analysis  Due  To  High  Water  Content 

(Continued) 


6/18/87  B6-72A  86-728  7/1/86  9/15/B7 

Asgcg  MR  1  MR  I  DDD  Lab.  Ascco 
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